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Abstract
The examination of adaptation approaches against the effects of anthropogenic climate
change in forest ecosystems is becoming increasingly important in both scientific research and
public policy. This research project seeks to provide an explanation and evaluation of facilitated
migration as an adaptation approach for improving the long-term resilience and sustainability of
Acer saccharum (sugar maple) ecosystems and sugarbush production. This research will
incorporate the findings from a literature review, which assesses the current state of knowledge
on facilitated migration and provides a brief case study analysis, with the results from a
qualitative research study. Participants of the interview-based qualitative analysis included
producers within Southern Ontario’s maple syrup production industry and other stakeholders
with expertise in the implementation of such adaptation approaches. In combination, the
information from both the literature review and research was used to develop potential best
practices, weaknesses and current gaps in knowledge regarding facilitated migration as an
approach to adapting to climate change in Southern Ontario’s sugar maple ecosystems.
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1.0 Problem Statement
Canada’s forests and the ecosystem services they provide represent a vital component of
Canadian economic and socio-cultural systems. With over 3.1 million square kilometers of
woodlands, Canada encompasses the 3rd largest area of forested landmass in the world (Statistic
Canada, 2011). In recent years, increased understanding of anthropogenic climate change and its
impacts on the environment has led to growing concern as to how these changes will be realized
in Canada’s forest ecosystems (Lemmen, 2008). Threats to native tree species in Canadian
forests, which provide timber and non-timber forest resources, have led to a proliferation in
geographical research for predicting, evaluating and managing the adverse effects of climate
change (Aitken et al, 2008). Sugar maples (Acer saccharum) represent one Canadian non-timber
forest species threatened by potential population declines as a result of climate change.
With a limited ecological range, located predominately within Eastern Canada and the
United States, sugar maples and the maple syrup they produce contribute significant socioeconomic benefits on both a local and national scale (Brown, Lamhonwah & Murphy, 2015). It
is estimated that Canada produces 87% of the global supply of maple syrup with the total
economic value of maple products reaching $314.7 million in 2012 (Statistics Canada, 2012).
However, considering the ever-growing threats of anthropogenic climate change, it has been
projected using geographic information system modeling that by 2100, over 90% of Ontario’s
main production areas, specifically in the Waterloo and Lanark local production areas, could lose
adequate sugar maple habitat (Brown et al., 2015). As a result, there is a growing demand to
evaluate management strategies for combating the projected suitable habitat losses and ensuring
the longevity and resilience of Southern Ontario’s sugar maple ecosystems and sugarbush
production. These approaches may include improving current management practices and
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resilience within existing sugarbush production systems or long-term adaptation approaches,
such as facilitated migration.
Facilitated migration, which involves the intentional relocation of a species or population,
is a novel and highly debated management strategy for adapting to climate change in the world’s
tree species (Zhu et al., 2012). Agrowing foundation of research on facilitated migration
indicates a strong interest in the potential for this approach to sustain forest ecosystems in the
face of an ever-changing climate. The longevity and comparatively slow evolutionary response
of tree species creates an ideal situation for evaluating the applicability of facilitated migration
management strategies for ensuring long-term success (Aitken et al., 2008). However, at present
there are significant gaps in knowledge regarding the methodologies, implementation and sociopolitical limitations for adopting facilitated migration management strategies within tree species
(Zhu et al., 2012). This current lack of knowledge surrounding facilitated migration provides the
context for this research. Within the geographical scope of Southern Ontario’s sugarbush
production, this project seeks to fill one such gap in knowledge and provides an understanding of
stakeholder opinions of the facilitated migration approach. It is the aim of this research to
provide an analysis of the feasibility and appropriateness of facilitated migration management
strategies in order to inform best practices for the application of such strategies within Southern
Ontario’s sugar maple ecosystems.

2.0 Research Objectives
The purpose of this research is to synthesize and discuss the current state of knowledge
regarding facilitated migration management strategies through a biogeographical lens. This will
include an analysis of current research as well as interviews with stakeholders of sugarbush
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production systems and forest managers within Southern Ontario. In order to provide future
recommendations and management strategies for both sugarbush producers and policy makers,
the objectives of this project are as follows:
1. Identify and synthesize current academic literature on facilitated migration as a climate
change adaptation strategy within the context of deciduous tree species in Ontario. Based
on the current state of scholarly information, outline the applicable approaches and
potential barriers for applying facilitated migration within sugar maple ecosystems and
sugarbush production practices.
2. Engage in interviews with stakeholders, including producers, policy makers and local
communities, to determine current opinions, feasibility and perceived drawbacks to a
facilitated migration approach.
3. Synthesize and assess findings from objectives 1 and 2 to recommend best practices for
facilitated migration as an approach to adapting to climate change in sugar maple
ecosystems now and in the future.

3.0 Literature Review
3.1 Introduction
Sugar Maple ecosystems and the maple syrup they produce represent an integral aspect of
Canadian identity (Murphy, Chretien & Brown, 2012). Increased understanding of anthropogenic
climate change and its impacts on the environment has led to a growing concern as to how these
changes will be realized in sugarbush ecosystems. As a result of this apprehension, Dr. Brenda
Murphy of Wilfrid Laurier University sought funding to establish a seven-year research
collaborative to confront this issue.
7
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The Resilient Communities Research Collaborative includes the interdisciplinary study of
the effects of climate change on sugar maple ecosystems (Murphy et al., 2012). The research
project aims to provide communities and stakeholders with the information and resources
necessary to mitigate and adapt to our ever-changing climate. It seeks to incorporate different
types of knowledge both within and across multiple research disciplines including local
ecological knowledge, indigenous knowledge, social justice, biogeography and GIS (Murphy et
al., 2012). The collaborative is pursuing an evaluation of potential long-term adaptation
approaches to climate change in sugarbush ecosystems. One such approach involves the
examination of a facilitated migration strategy.
Facilitated migration, also referred to as assisted colonization, is defined as “the act of
deliberately aiding species of flora and/or fauna to colonize new habitats” (Zhu et al., 2012,
p.1043). This innovative approach to ecosystem management is grounded in the idea that the
effects of anthropogenic climate change will occur more rapidly than most species’ evolutionary
response to adjust to these changes. This is especially true in tree species due to their relatively
slow growth and migration rates. In fact, it has been estimated that the typical natural migration
rate for Canadian tree species is less than 10km per 100 years (McLachlan et al., 2005).
However, current predictions using climate modeling have determined a migration rate of 150200km in the next 100 years would be necessary in order to ensure the continued viability of
many North American tree species (Aitken et al., 2008).
The following literature review seeks to provide an in-depth assessment of the academic
literature on facilitated migration as an approach to adapting to the impacts of climate change in
tree species. First, a brief overview of the projected impacts of climate change on Canada’s
deciduous and mixed wood forest ecosystems is provided. Following this, a brief history of sugar
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maples and maple syrup production practices within Canada as well as the important sociopolitical considerations for evaluating adaptation approaches is discussed. This provides the
context for an evaluation of the current literature on the methodologies and implementation
techniques related to a facilitated migration approach including population and range expansion;
composite provenance and; long distance seed dispersal. Subsequently, a case study analysis of
present facilitated migration projects and their techniques is discussed. This information informs
a summary of best practices and identified weaknesses of a facilitated migration approach,
including current gaps in knowledge and socio-cultural considerations. Finally, the applicability
of a facilitated migration approach in the context of Canadian sugar maple ecosystems is
discussed.

3.2 Climate Change and Canada’s Forests
Climate change is most readily defined as “a change in the state of the climate that can be
identified (i.e. using statistical tests) by changes in the mean and/or variability of its properties
that persists for an extended period, typically decades or longer” (IPCC, 2007). While much is
still unknown about the exact causes and effects of climate change, it is now widely accepted
within the academic literature that anthropogenic (or human-based) activities have, and will
continue to be, a significant contributor to long-term changes and variability within the global
climate system (Anderegg et al., 2010). As a result, much of the current research on climate
change emphasizes the need to project the effects of such changes (Anderegg et al., 2010).
Utilizing global climatic modeling (GCM’s), climatologists are able to predict the likely
outcomes of different climate change scenarios on individual ecosystems (Morin & Thuiller,
2009). Within the context of Canada, much of these predictions focus on the diverse number of
forested biomes found within the country (Colombo et al., 2007; McKenny et al., 2007).
9
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Terrestrial biomes are defined as large biotic communities with enduring long-term
patterns of precipitation and temperature (Williams et al., 2000). As a result of this climactic
homogeneity, biomes generally contain communities of analogous flora and fauna that occupy the
ecozone (Williams et al., 2000). Within Canada, there are 5 major terrestrial biomes, determined
by the presence of enduring climactic conditions and species of flora and fauna that have adapted
to occupy them (Ministry of Natural Resources [MNR], 2014). The five key biomes within
Canada are the: deciduous/mixedwood forest, boreal forest, grassland, tundra and temperate
coniferous forests (Williams et al., 2000). Concurrently, a forest eco-region is defined as a major
geographical zone characterized by uniformity in both physiography and in composition of the
dominant tree species (Williams et al., 2000). Unlike biomes, forest eco-regions place added
emphasis on the taxonomic similarity of an area as opposed to broader climactic patterns (Olson
et al., 2000). Consequently, in addition to the five major biomes described previously, the
identification of eight distinct forest regions and sub-regions within Canada has been documented
(MNR, 2014). The eight forest regions are as follows: the Acadian, Boreal, Montane, Columbia,
Subalpine, Great Lakes/St. Lawrence, Carolinian and Coastal (MNR, 2014). For the purpose of
the research scope, a description of the currently projected impacts of climate change on the
deciduous/ mixedwood forests in which sugar maples most commonly reside will be provided.
Deciduous and mixedwood forests are predominately located at lower latitudes of eastern
and central Canada. True Carolinian (also referred to as deciduous) forests are found only in a
small range of Southern Ontario. While it is depicted in Figure 1 below that this forest region
stretches along the shores of Lake Ontario, this is likely not the case (MNRC, 2014). While the
current mapping of the Carolinian forest region may reflect outdated data, this region is
understood to be characterized by higher average temperatures for the summer months and
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summer precipitation of up to 100cm per year on average, common species found within this
biome include species of Acer (maple), Quercus (oak), Fagus (beech), Tilia (basswood) and
Ulmus (elm) (MNR, 2014). While deciduous species dominate these forest regions, coniferous
species including Tsuga canadensis (eastern hemlock) and Pinus strobus (white pine) are also
present (MNR, 2014). Three of the eight Canadian forest eco-regions fall within this biome, they
are: the Great Lakes-St Lawrence, the Acadian and the Carolinian forest regions. Figure 1 below
depicts the location of each of these forest regions within Canada (MNR, 2014).

Deciduous and Mixedwood Forest Eco-regions of Canada
a

b

c

Figure 1: Canadian forest eco-regions
within the Deciduous and Mixedwood
forest biome (adapted from MNRC,
2014).
a. Great Lakes-St. Lawrence Forest
Region.
b. Acadian Forest Region.
c. Carolinian Forest Region.

While some modeling scenarios suggest that the projected increase in global temperature
will be beneficial to deciduous and mixedwood species due to extended growing seasons, most
climate research projects that this will not be the case (Colombo et el., 2007; McKenny et al.,
2007). Modeling suggests that by the year 2100, there will be a 12% reduction of the current
climate envelopes for Canadian tree species (McKenny et al. 2007). This means that the
11
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prevailing climactic conditions will no longer be present and thus, the region will likely not be
suitable to support the dominant tree species of the region described previously.
Another study of the Acadian forests in New England and eastern Canada utilized the
dynamic ecosystem model LPJ-GUESS to examine the non-equilibrium dynamics of mixedwood
and deciduous forests under historic and predicted climate change (Tang et al., 2012). The
modeling scenario included the paramertization of the region using eight of the dominant tree
species and three datasets including past observations (1901-2000), a baseline simulation (19712000) and three circulation model projections (2007-2099) (Tang et al., 2012). Based on the
results of historic and nine future climate change scenarios, the modeling simulation found that
an annual northern migration rate of 1.4 to 2.7 kilometers per year of dominant deciduous and
mixedwood tree species could be necessary for the continued viability of these forest eco-regions
(Tang et al., 2012). The tree species most affected included Acer saccharum (sugar maple),
Quercus rubra (red oak) and Betula alleghaniensis (yellow birch). Of particular importance
within a Canadian context are the effects on Acer saccharum (sugar maples) due to the
significance of the species to Canadian identity and the maple syrup industry (Murphy et al.,
2009).
The projected effects of climate change within Canada’s deciduous and mixedwood
forest biomes pose a potential threat to the production of maple syrup and other non-timber
forest based resources (Brown et al., 2015. Thus, in addition to the ongoing research on
modeling projections of climate change impacts within these ecosystems, new research is arising
regarding the direct mitigation and adaptation of the estimated impacts (IPCC, 2007). While a
climate change mitigation strategy most commonly refers to the prevention of future impacts
through the direct reduction of greenhouse gas emissions, adaptation emphasizes the need to
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prepare for and minimize the expected impacts of climate change (IPCC, 2007). For instance, it
has been projected that even if greenhouse gas emissions were to cease entirely, the significant
time lag in climatic response would not result in climate stabilization for another 50 years
(Riebeek, 2010).
Since forest ecosystems in general, and non-extractive forest resources such as maple
syrup production in particular, already act as a mitigation approach to climate change through
greenhouse gas sequestration, providing adaptation strategies within these ecosystems is of
increased importance (Murphy et al., 2012). Within the current literature on forestry, non-timber
forest products and climate change, numerous adaptation approaches have been proposed,
including the highly debated facilitated migration method (Kirilenko, 2007). The subsequent
section will seek to provide an overview of the history of maple syrup production in Canada, the
currently understood production practices and a context of socio-political considerations for
evaluating current and future adaptation approaches.

3.3 Sugar Maple Ecosystems and Maple Syrup in Canada
Sugar maple ecosystems and the maple syrup industry have an extensive history as a
significant non-timber forest product (NTFP) within Canada (Murphy et al., 2012). In fact, it is
estimated that Native North American’s discovered the sweet sap of the Acer saccharum (sugar
maple) tree as early as the 1300’s (E. Metatawabin, personal communication December 15th,
2014). Since its origins in traditional cultures, maple syrup has transformed into a global
commodity, with Canadian exports reaching as far as Australia and Japan (Statistics Canada,
2013). Much of the market demand for this NTFP lies in the limited ecological extent and
complex production practices for creating maple syrup. Figure 2 below depicts the ecological
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range of Acer saccharum within eastern Canada and the northeastern United States (Goodman,
Yawny & Tubbs, 1990).

Figure 2: The Native Habitat
Range of the Sugar Maple
(Goodman, Yawny & Tubbs,
1990).

As a result of the limited native ecological range of sugar maples, Canada and the United
States represent the only two countries that produce and distribute maple syrup globally. Canada
contributes approximately 87% of the global supply (Brown et al., 2015; Statistics Canada,
2012). In 2009, it is estimated that Canada’s maple syrup industry contributed $778 million in
GDP and 13,030 full time job equivalents (FPAQ, 2010). Taking into consideration the direct,
indirect and induced effects of sugarbush production for the Canadian economy, it is no wonder
that there is a growing concern regarding the future of Canada’s sugar maple ecosystems as the
impacts of global climatic change increase. As stated by Brenda Murphy (2009),“forest
ecosystems are highly sensitive to the rapidly shifting temperature and rainfall regimes
assosiated with global climate change (pp.47).” This is especially true for sugar maple
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ecosystems and maple syrup production due to the specific reqiurements for growth, tapping and
sustained maximum yeild.
Sugar maple, upon which the maple industry depends, favor a cool, moist climate with
slightly acidic sandy-loam soils (Goodman et al., 1990). While the lifespan of a sugar maple is
approimtately 300-400 years, optimal sap production ocurs for a maximum of 100 years
(Goodman et al., 1990). Optimal conditions for production has been determined to be that trees
are between 40-50 years of age before tapping. Furthermore, once the tree has reached maturity
for tapping optimal sap flow and harvest yields has been found to occur when temperatures range
from -4oC at night to 5oC during the day (Murphy et al., 2012). Due to these specific
requirements, the harvesting season for maple syrup occurs in early spring and typically lasts 4-6
weeks in most regions (Murphy et al., 2012). The reliance on particular weather patterns, as well
as long-term climate trends, for production is very high within the Canadian maple syrup
industry (Murphy et al., 2012). For instance, temperatures that remain above 00C during the
tapping season causes buds, which are formed furing the previous growing season, to break on
the tree (Murphy et al., 2012). In general, bud break results in off-flavoured sap and signifies the
end of the tapping season. In addition to these weather requirements for tapping, the weather in
the preceeding summer, fall and winter of the subsequent production season contributes a great
deal to the annual quantity and quality of industry production (Bergeron & Sedjo, 1999). Within
the summer months, warm temperatures results in an increased storage of starch within the roots,
which in turn contributes to higher yields and sugar content within the sap for the following
syrup season (Bergeron & Sedjo, 1999). Concurrently, fall temperatures must provide freezing
temperatures before the first large snowfall event. If snowfall occurs prior to soil freezing,
bacteria may accumulate within the sap and result in decreased quality and yields (Bergeron &
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Sedjo, 1999). Furthermore, if an early spring melt occurs and snow does not remain on the
ground during tapping season, production output declines significantly (Bergeron & Sedjo,
1999). Other seasonal events, including the occurance of ice-storms and droughts, also
significantly affect the industry.
In addition to the seasonal variations discussed previously, the shifting of long-term
climatic trends (such as the average length of the tapping season over time) can result in
production operation closures and thus decrease productivity in the industry (Perkins, 2009). A
2010 study by Skinner, DeGaetano, and Chabot for instance, determined that the average number
of tapping days within the United States maple syrup industry had declined by as much as 14
days since 1970. These findings are echoed in a Canadian context through the works of
Duchesne et al. (2009). Using a multiple regression climatic model and mean monthly weather
data (for January-April) from 1985-2006, it was projected that a 15% decline in annual sap
production within Quebec could occur by 2050 (Duchesne et al., 2009).
At present, research using global climate models (GCM’s) project that by the year 2100,
less than half of the current habitat range for sugar maples may maintain suitable ecosystem and
environmental conditions for maple syrup production (Brown et al., 2015). These projected
impacts are of increased severity within the southern range of Canadian sugarbush production
(Brown et al., 2015; Colombo et al., 2007). For instance, the Canadian Coupled Global
Circulation Model forecasts ecosystem changes in Southern Ontario to include warmer
temperatures, decreases in precipitation and increased evapotranspiration rates resulting in soil
moisture deficits (Colombo et al., 2007). Figure 3 below depicts the modeled increase in annual
temperature in Southern Ontario (outlined in red) in 2071-2100 compared to 1971-2000
(Colombo et al., 2007).
16
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Figure 3: Projected change in average annual temperature in Ontario in 2071 to 2100 compared to
1971 – 2000 using the A2 scenario in the Canadian Coupled Global Climate model (Adapted from
Colombo et al., 2007)

Based on this model, it is projected that Southern Ontario could experience an increase in
average annual temperature of up to 6o C by 2100, which may promote the northward migration
of sugar maple habitats (Colombo et al., 2007). Furthermore, geographic information system
modeling predicts that even under a low greenhouse gas emission increase scenario, over 50% of
Southern Ontario’s main production areas, specifically the Waterloo-Wellington, Simcoe and
Haliburton-Kawartha production regions (as depicted in Figure 4 below) could lose adequate
sugar maple habitat by 2100 (Brown et al., 2015).

17
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Figure 4: Sugar
maple production
regions within
Ontario (Brown
et al., 2015)

In recent years, increasing weather variability has already been affecting the Ontario
maple industry (Murphy et al., 2009). In 2012 for instance, syrup production in Ontario declined
54.3% due to a rapid rise in spring temperatures and the ensuing shortened harvest period
(Statistics Canada, 2012). Following this in 2013, an unseasonably cold spring significantly
reduced syrup yields in northern Ontario and decreased the overall quality of syrup in the south
(Brown et al., 2015). This high degree of variability within maple syrup production in Ontario is
echoed in the province of Quebec, where in 2011 syrup production was an estimated 5.5% less
than in 2009 (Statistics Canada, 2012). As a result of this seasonal variability in production
yields and vulnerability of maple syrup production within Canada, the projected impacts of
climate change to seasonal weather patterns threatens an important socio-economic system
within the country (Brown et al., 2015; Skinner et al., 2010).
While it is evident that the ecological effects of climate change on Canada’s sugar maple
ecosystems and the maple syrup industry will likely increase over time, the solution is not so
clear (Skinner et al., 2010). Due to the intricacy of production practices and the relatively large
18
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scope of the problem, developing a resource management strategy for creating long-term
resilience in sugar maple ecosystems will require a multi-faceted approach (Murphy et al., 2012).
Although several short-term adaptation strategies, including silvicultural practices (i.e. annual
thinning of a sugarbush), forest management plans and improved tapping mechanisms, are
already being utilized by Canada’s maple syrup producers, more research is necessary on longterm approaches for ensuring the resilience of Canada’s sugarbush industry for generations to
come (Richardson, 2015). A more detailed evaluation of the current state of climate change
adaptation approaches both within Ontario’s sugar maple production in particular will be
provided in the subsequent section.

3.3.1 Sugarbush Management, Culture and Climate Change
The projected impacts of climate change within Canada’s deciduous and mixedwood
forests (as discussed in section 3.2) pose a unique set of risks to rural agricultural systems (Clark
& McLeman, 2012). Non-timber forest products in particular play a significant role in rural
places, providing both economic and socio-cultural benefits (Murphy et al., 2012). However, the
dynamic nature of these industries results in significant variability in these benefits over time
(Murphy et al., 2012). Maple syrup producers in particular are increasingly vulnerable to
projected climate change impacts including shorter tapping seasons and lower yields due to
increased temperature and milder winters, as well as severe weather events and potential
damages to sugarbush stands (Johnson et al., 2009; OMSPA, 2013). As a result, it is important to
consider how the issue of climate change is currently understood within these production
systems in order to determine how future adaptation strategies may be integrated into production
practices (Murphy et al, 2012). A 2012 study for instance, which interviewed 22 maple syrup
producers in Eastern Ontario, determined that sugarbush operators were very open to future
19
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conservation strategies within their operations (Clark & McLeman, 2012). Furthermore, a more
recent study found that there is a general consensus amongst maple syrup producers in Ontario
that climate change is occurring and a need for increasing the adaptive capacity of production
systems (Richardson, 2015). This general acceptance and agreement on the need for adaptive
management in the face of climate change is an important starting point for evaluating potential
short and long-term strategies within Canada’s sugarbush production systems (Richardson,
2015). However, the degree to which adaptation strategies may resonate in rural, non-timber
forest product based economies, as well as any currently utilized adaptive management
strategies, must be considered prior to the application of any future adaptive management
strategy.
Unlike many naturally occurring forest ecosystems, sugarbush production operations are
highly managed (Richardson, 2015). Annual and short-term management practices within
Ontario’s sugarbush production have been found to include the pruning and thinning of tree
crowns, the planting of new seedlings and removal of older trees, increasing species diversity as
well as the updating and maintenance of production equipment (Richardson, 2015). Furthermore,
based on an interview of 15 sugarbush operators in Southern Ontario, it was found that many
actively engage in educational and social networking opportunities in order to improve the future
management of their sugarbush operations (Richardson, 2015). The study concluded that though
producers generally accept the need to engage in long-term management practices in order to
adapt to climate change, little is known about long-term adaptation strategies by producers at this
time (Richardson, 2015). Thus, it is beneficial to review some of the current literature as to
which types of adaptation could most readily be applied within sugarbush production systems.
A 2012 study, which engaged 33 maple producers in qualitative research to determine
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their perceptions of climate change and reasons for involvement in the industry provided
significant insights into how producers seek to engage in future management (Murphy et al.,
2012). The findings indicate that many producers engage in maple syrup production for the
social value of informal networks and skill development through organized events and for
various other economic (income) and ecological (ability to get outside) values (Murphy et al.,
2012). As a result, future adaptation strategies would be best applied within the context of these
socio-cultural and socio-economic systems in order to meet current and long-term management
needs (Murphy et al., 2012). Furthermore, from a governance perspective, producers who
participated in the survey identified the need to ensure that future policy provides long-term
sustainability, is both robust and flexible based on regional and farm-level needs and achieves
both adaptation and mitigation goals (Murphy et al., 2012).
Based on this research, it may be concluded that a facilitated migration adaptation
approach could resonate within Ontario’s maple syrup production system. Since the facilitated
migration approach is still largely grounded in academia, engagement with such approaches
could increase the learning and networking potential within informal producer networks
(Schwartz et al., 2012). However, the novelty of the facilitated migration approach also presents
several potential barriers to application within sugarbush production regimes (Schwartz et al.,
2012). For instance, it has been stated that producers must be aware of the short- and long-term
implications of any future adaptation approach or policy (Murphy et al., 2012). However, the
current absence of facilitated migration projects in practice within non-timber forest products and
rural places prevents the ability for these implications to be determined accurately (Schwartz et
al., 2012). Furthermore, the consideration of the socio-political context in which such strategies
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are to be implemented, as well as their influences on farm level decision-making, warrants
careful consideration.

3.3.2 Socio-political Context and Considerations
The underlying framework of climate change adaptation within facilitated migration
approaches requires the evaluation and ongoing consideration of the policy context and sociopolitical factors that may influence the assessment, acceptance and implementation of such
strategies (Schwartz et al., 2012). Within the case of Ontario’s maple syrup production, the
production practices and current recommendations for future adaptive management strategies
described in section 3.2.1 provide the starting point for creating a framework of the numerous
socio-political considerations that must be accounted for within the regional application of a
facilitated migration project (Murphy et al., 2012; Schwartz et al., 2012). While an analysis of
current literature on the general approaches to facilitated migration adaptation strategies is
important (refer to section 3.4), the function of such recommendations into real world practice is
continually influenced by numerous regional factors and evolving policy landscapes (Schwartz et
al., 2012). Within the context of sugarbush production in Southern Ontario, these factors include
the dynamic process in which various producers make decisions, respond to change and what
they wish to attain in the future (Richardson, 2015). Furthermore, policy factors, such as land-use
and ownership regulations, forestry conservation plans and laws regarding the transportation of
organic materials across national and/or regional socio-political boundaries are essential to
determining the manner and extent to which a facilitated migration project may occur (Schwartz
et al., 2012). The following section will seek to outline these processes in the context of Southern
Ontario’s sugarbush production industry. The limited geographic extent of this evaluation, which
is based on the projected severity of climate change impacts (as described in section 3.3) and
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relative homogeneity in underlying socio-political systems, forms the basis for the scope of this
research study (sections 4.0-6.0).
Within Southern Ontario, the legislative authority for forestry management
predominately lies under the jurisdiction of Conservation Authorities (MNR, 2010). Determined
using watershed boundaries and mapping, which delineates the flow of water through tributaries,
runoff and channels into a larger drainage basin, the 36 current Conservation Authorities within
Southern Ontario are depicted in Figure 5 below (TRCA, 2015).
Figure 5: Map depicting the current geographical boundaries of Conservation Authorities
within Southern Ontario (TRCA, 2015)

Under the 1946 Conservation Authorities Act, municipalities within a common watershed may
lobby the provincial government to form a conservation authority and create programs for
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natural resource management (MNR, 2010). Within forestry management, the role of
conservation authorities has largely been focused on replantation efforts. However, they also
engage with individual landowners to establish private woodlot management plans (MNR,
2010). As can be seen from Figure 5, the Northern regions of Ontario do not utilize conservation
authority jurisdictions and thus rely more on community-based management with supporting
service and legislation provided by the provincial Ministries of Natural Resources and Forestry
(NOSCP, 2007; TRCA, 2015). These differing jurisdictional approaches have numerous
implications for the evaluation of future adaptive management strategies within Ontario’s
sugarbush production systems. Firstly, in the context of Southern Ontario, current policy outlined
by the Conservation Authorities Act (1946) states that conservation authorities engage in the
development and review of policies, plans and regulations relating to the conservation,
restoration, development and management of natural resources (MNR, 2010). As a result, much
of the authority for enacting future policy to better enable maple syrup producers to adapt to
climate change is under the jurisdiction of Conservation Authorities. Furthermore, Conservation
Authorities have a substantial role in determining the ecological approaches to forestry resource
planting and seed sourcing techniques both within and beyond their regional jurisdictions (MNR,
2010). At present, Southern Ontario’s Conservation Authorities are the predominant
implementation body for the use of seed-zone policy established by the government in the early
1990’s (B. Boysen, personal communication July 15th, 2015). However, due to the privatization
of seed sourcing in Southern Ontario it is unclear as to how much policy compliance occurs
regarding the use seed zone policy. Further research is needed to determine the degree of
utilization of Ontario’s seed zone policy in practice. These designated seed zones attempt to
delineate the acceptable range that seeds may be planted away from the source location
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(McKenny, Pedlar & O’Neil, 2009). The ecological implications and limitation of such
approaches will be discussed further in section 3.7.1. As a result of this specific political
landscape in which future adaption strategies may take place within Southern Ontario’s maple
syrup production systems, ongoing consideration for the involvement of Conservation
Authorities within facilitated migration projects is essential and requires further evaluation. ).
As much of sugarbush production occurs on private lands, the acceptance and ongoing
engagement of individual producers is essential for implementing a facilitated migration project
(Richardson, 2015). However, the high level of reliance on seasonal weather patterns required
for maple syrup production and resulting engrained nature of both sugarbush production
practices and management responses within each individual operation likelyresults in highly
varied producer opinions regarding facilitated migration strategies (Wall, Smit & Wandel, 2011).
A recent survey of sugarbush producers, for instance, determined that there is a high level of
variability in silviculture and management practices used by Ontario maple syrup producers
(Richardson, 2015). It was determined that these variations were likely a result of both the size of
the operation as well as the degree of forestry knowledge of the producer (Richardson, 2015). A
2006 study on adaptation to climate change in agricultural practices in Perth, Ontario, confirms
the complexities in agricultural management practices (Reid et al., 2006). Through an analysis of
25 interviews with local agricultural producers, it was determined that the decision-making
process within farming operations reflects a complex interaction of both internal and external
factors for management (Reid et al., 2006). In these studies, seasonal weather and extreme
weather events were large influences on the development of anticipatory and reactive
management decisions within production practices (Reid et al., 2006; Richardson, 2015).
However, both studies also indicate a comparative lack of understanding for adapting to long-
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term climatic changes (Reid et al., 2006; Richardson, 2015). Within Ontario’s sugarbush
production, the most commonly perceived impact is the shifting of the tapping window to earlier
in the season with little mention of the potential for significant production losses in the face of
climate change (Richardson, 2015). As a result of these engrained decision-making and
management processes, as well as private ownership, additional information must be acquired
regarding producer opinions and the decision-making processes regarding facilitated migration
strategies in order to engage producers effectively in future implementation.
The underlying considerations presented above provide a brief summary of the currently
understood gaps in knowledge regarding the socio-political concerns in applying facilitated
migration adaptation strategies to non-timber forest species (Schwartz et al., 2012). As a result, it
is necessary that these issues require further evaluation before a facilitated migration approach is
considered for Southern Ontario’s sugarbush industry. Increased knowledge regarding producer
concerns, production practices and opinions, as well as policy maker attitudes on facilitation,
involvement, overcoming barriers and engagement with stakeholders in the decision making
process, are necessary before implementing any facilitated migration project for Southern
Ontario’s maple syrup industry (Schwartz et al., 2012). It is the purpose of this research to begin
to fill these current gaps in knowledge through qualitative research. However, prior to the
collection and evaluation of context specific research, an in-depth understanding of the
facilitated migration adaptation approach must be understood. The subsequent sections seek to
provide a description of the current state of research on facilitated migration and its application
to Ontario’s maple syrup industry.
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3.4 Overview of the Facilitated Migration Approach
3.4.1 Research Foundations and Seminal Works
The field of biogeography, largely considered as a branch of physical geography, seeks to
study the subjects of phytogeography (flora) and zoogeography (fauna) (Lomolino et al., 2006).
Simply stated, biogeography is the branch of knowledge relating to the past and present
distribution of plant and animal species (Lomolino et al., 2006). Within the field of
biogeography, there are three commonly cited sub-disciplines of study: historical biogeography,
ecological biogeography and conservation biogeography (Lomolino et al., 2006).
The foundations of historical (or paleobiogeography) and ecological biogeography, which
respectively seek to examine the past and current factors responsible for the ecological
distribution of flora and fauna, is often attributed to the works of British geographer Alfred
Russel Wallace in 1876 (Lomolino et al., 2006). Drawing upon the works of Charles Darwin,
Wallace applied evolutionary theory to determine distinct areas of faunal divide within the
Indonesian Islands, eventually leading to the establishment of the basic zoogeographic regions
still utilized today (Lomolino et al., 2006). The decades that followed witnessed the expansion,
reevaluation and ongoing study of the influential principles for biogeography established by
Wallace (Dansereau, 1957). These include works by Alfred Newton on The Origin of Species in
1878 and Evgenii Wulff’s 1943 publication An Introduction to Historical Plant Geography
(Dansereau, 1957). Today, the use of these seminal works in researching the current distributions
of species across space and time are embodied in the works of many biogeographical researchers
including Carsten Rahbeck, Dov Sax and Jacquelyn Gill (Holyoak, 2013).
From the vast array of research on historical and ecological biogeography over the past
century and a half, a new field of research (conservation biogeography) has emerged (Richardson
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& Whittaker, 2010; Ladle & Whittaker, 2011). This newly emerged sub-discipline “utilizes the
conceptual tools and methods of biogeography to address real world conservation problems and
to provide predictions about the fate of species and ecosystems over the next century” (Ladle &
Whittaker, 2011, pp. 3). More recent discussions within the field of conservation biogeography
have begun to examine adaptive ecosystems management strategies for ensuring the protection
and resiliency of native flora and fauna in the face of global climate change (Ladle & Whittaker,
2011). Furthermore, given the significant impacts of human modernization on the earth’s
ecosystems, the concept of countryside biogeography has emerged (Mendenhall, 2014).
Recognized as the ongoing need to assess and encourage ecosystem conservation within human
dominated landscapes, countryside biogeography is a novel theory within the broader field of
conservation biogeography (Mendenhall, 2014).
Drawing upon the seminal works of Sherwin Carlquist in 1966, who studied the
effectiveness of long-distance seed dispersal for populating islands with food producing species,
recent scholars have expanded upon this innovative idea to establish a new management
approach: facilitated migration. Proposed most prominently in the works of McLachlan,
Hellmann and Schwarts in 2007, facilitated migration has emerged as an innovative and widely
debated conservation and countryside biogeography approach for protecting species of flora and
fauna located within highly fragmented human dominated landscapes in an uncertain climatic
future (Aitken et al., 2008; Mendenhall, 2014; Thomas, 2011; Zhu et al., 2012). While the
current body of research on facilitated migration is applicable to both plant and animal species,
the scope of this literature review will examine methods for implementing facilitated migration
strategies in regards to species of flora, specifically non-timber forest product producing tree
species.
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3.4.2 Facilitated Migration Approaches
Conceptualizing the mass-migration of a species becomes increasingly difficult at larger
scales. The longevity, immobility and slow evolutionary response of tree species intensify these
complexities significantly (Zhu et al., 2014). As a result of this complexity, the majority of
current research on the methods for a facilitated migration management strategies focuses on the
relocation of fauna or small herbaceous plants (Hewitt et al., 2011). Within the current literature
on the assisted relocation of trees, however, there is a general consensus of three primary
approaches: assisted population migration, assisted range expansion and assisted long-distance
species migration (also referred to as translocation of exotics) (Hewitt et al., 2011; Johnson et al.,
2009; McLachlan, et al., 2007; MNRC, 2015). When referring to tree species, migration is
commonly defined as the movement of large seed plant species in geographical space over time
(Cain et al., 2000). The subsequent sections will discuss each of these approaches in turn
including the perceived strengths and weakness of each. For the remainder of this report,
facilitated migration, assisted colonization and assisted relocation will be used interchangeably
and defined as the act of deliberately aiding tree species to colonize new habitats (McLachlan et
al., 2007). Such migrations have been characterized as be carried out in a highly structured and
large-scale manner, as opposed to random acts of species migration via human activity (i.e.
gardening practices) (McLachlan et al., 2007).
3.4.2.1 Assisted Population Migration
Based on the predicted rate of successful replantation and growth, assisted population
migration is commonly cited as the lowest risk approach for an assisted colonization project.
Assisted population expansion refers to the relocation of a species within the natural habitat range
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or the planting of seedlings adapted to future climates within the current habitat range (Johnson et
al., 2009; Leibing et al., 2013). The former method is often used in conjunction with climate
modeling scenarios to predict the future habitat range of tree species and ensure population
expansion occurs in areas where future climates will support growth and vitality (Leech, Lara
Almuedo & O’Neil, 2011). For instance, in the case of many Canadian tree species, much of the
current literature states that this would entail the assisted migration to higher latitudes at the
northern extent of the current habitat range (McKenny et al., 2011). Within modeling scenarios,
this approach is considered the most applicable for tree species based on the decreased risk of
unsuccessful migration. The comparatively lower risk arising from this assisted migration strategy
is due to the fact that relocation occurs within habitat areas that already provide the speciesspecific ecological conditions preferred for growth (Williams & Dumroese, 2013). Within
modeling scenarios though, there are numerous uncertainties and unaccounted variables and thus,
determining the likelihood of success in definite terms is largely impossible through these methods
(Beale & Lennon, 2012). Regardless, the current literature on this approach concludes that the
relocation of a tree species to the northern extent of its current habitat range is likely to increase
the possibility of success (Williams & Dumroese, 2013).
This raises the issue as to how species habitat ranges are presently understood and
defined (Wiens & Donoghue. 2004). While many of the widely accepted definitions reflect the
ecological approach to defining species habitat (i.e. as a result of a combination of abiotic and
biotic factors that disallow for species expansion beyond a certain region), emerging research
within the discipline of biogeography states otherwise (Gaston, 2009; Wiens & Donoghue, 2004).
A 2004 study, for instance, determined that the present distribution of many tropical species of
flora and fauna is vastly different from their historical habitat range (Wiens & Donoghue, 2004).
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As a result, it may be concluded that if species have historically shifted their occupied territory,
the current definition of habitat range (and thus of the latitudinal and longitudinal extents in which
a species may survive) is too restrictive (Wiens & Donoghue, 2004). In addition to the issue
regarding defined habitats, questions may arise regarding the relative socio-economic costs of
assisted population migration as well as potential effects to species biodiversity in selecting seeds
with higher resilience to northern climatic conditions (Williams & Dumroese, 2013). Furthermore,
techniques for ensuring successful seed dispersal within migration projects are still highly debated
(McKenny et al., 2009). Issues regarding dispersal techniques, seed provenancing and the socioeconomic considerations of facilitated migration will be discussed further in later sections.
Alternatively (or supplementary) to the northward migration of a species within the
current habitat range, the assisted population migration approach may include the planting of
seedlings with genetic adaptations to the predicted future climatic conditions within the existing
population range (Leibing et al., 2013). Within Southern Ontario for instance, this would include
the planting of sugar maple seedlings with adaptations to drought and higher temperatures (Brown
et al., 2015). While species evolution largely occurs at longer time scales (i.e. over generations),
the process of shorter-term (i.e. within the lifespan of a species) adaptation to alternative
environmental conditions is referred to as phenotypic plasticity (Whitman & Agrawal, 2009).
Broadly defined, phenotypic plasticity refers to the ability of a genotype (an organism
with a certain genetic makeup) to produce more than one phenotype (characteristics or traits)
when exposed to changes in the environment (Whitman & Agrawal, 2009). Within tree species,
traits that may be altered as a result of climate include morphology, development, and
physiological properties (Vitasse et al., 2010). Though largely ignored within the current literature
on facilitated migration methodologies and implementation, the ability of the seedlings from a
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single parent plant to adapt differently to future climates is fundamental to the future of assisted
colonization in tree species (Leibing et al., 2013). Due to their immobility and slow evolutionary
response, the ability of an organism to adapt to changing climate conditions within their lifetime
could play a significant role in preserving trees species under future climatic conditions (Vitasse et
al., 2010). Thus, it may be concluded that an assisted population migration strategy may also entail
the planting of provenances adapted to conditions further south (Leibing et al., 2013). However,
there are significant socio-political implications to be accounted for in the implementation of such
strategies. These issues will be addressed further in section 3.7.1.
3.4.2.2 Assisted Range Expansion
The intermediate approach for facilitated migration strategies --assisted range expansion-is defined as the human-assisted movement of a species to an area neighboring the current native
habitat range (Leech et al., 2011). In such situations, tree species are planted beyond, but
adjacent to, their current habitat range on the premise that future climate scenarios will produce
suitable habitat conditions (Johnson et al., 2009). Assisted range expansion strategies are
commonly used in conjunction with assisted population migration (see section 3.4.2.1). In such
scenarios, assisted population migration strategies are applied and monitored within the current
range followed by the slow expansion of seed dispersal along the range boundary and beyond
(Williams & Dumroese, 2013). Within the assisted range expansion approach, a significant
reliance on climate modeling and long-term monitoring, as well as careful provenance selection
is required to ensure successful relocation (Johnson et al., 2009). However, the uncertainties
inherent in current global climate models for accurately predicting future climate scenarios and
limited resources for long-term monitoring poses a significant threat to ensuring the success of
assisted range expansion strategies (Leech et al., 2011). In addition to modeling uncertainties,
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there exists an increased potential for geographical barriers and restrictions to occur as the scale
of relocation projects increases (Leech et al., 2011). For instance, the presence of a major water
body or geological formation, such as a mountain range, may impede the applicability of assisted
range expansion projects (Leech et al., 2011). Furthermore, issues related to provenance, such as
selecting seeds with the appropriate genealogy for more northern climates while maintaining
genetic diversity, raise issues regarding long-term forest health and resilience (Bischoff et al.,
2010).
3.4.2.3 Assisted Long-Distance Migration
Sometimes referred to within the current literature as the translocation of exotics, a longdistance migration approach entails the human-assisted movement of a species far outside their
established range to a location where is has not occurred in the past (Johnson et al., 2010;
MNRC, 2015). This high-risk facilitated migration approach can occur at a number of scales
including inter-regional, transcontinental or intercontinental (Johnson et al., 2010). The risks
inherent within this facilitated migration approach largely involve: modeling uncertainties, the
possibility of introduced species becoming invasive, geographical barriers and unsuccessful
relocation as a result of substantial differences between seed origin and outplanting sites
(Williams & Dumroese, 2013). Due to these considerable uncertainties in predicting both future
climate scenarios and the response of introduced species, this approach has been primarily
recommended in cases where the extinction of a species within its current habitat range is
imminent (Williams & Dumroese, 2013). However, this raises issues relating to the socioeconomic impacts of such narrow candidate species selection parameters. Tree species that
provide timber and non-timber forest products (NTFP) for instance, which are not currently
threatened by extinction but may become threatened in future climate scenarios, require careful
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consideration for the preservation of the socio-economic systems reliant on their permanence
(Leech et al., 2011).

3.4.3 Implementation Strategies
The methods outlined above provide a general overview of the various spatial scopes in
which facilitated migration approaches may be applied. It is evident within the literature on these
methods, that similar questions regarding the successful implementation of facilitated migration
projects arise within each approach. These considerations for implementation include the
selection of candidate species and outplanting sites, provenancing techniques, seed dispersal
techniques and long-term monitoring (Williams & Dumroese, 2013). The following section will
seek to provide an overview of the current literature on these various implementation strategies
and discuss the relative strengths and weaknesses within each.
3.4.3.1 Selecting Candidate Species and Relocation Sites
Within the current literature on facilitated migration implementation strategies, numerous
frameworks are available for selecting candidate species for relocation projects (Erickson et al.,
2012). These frameworks often seek to measure the vulnerability of tree species to climate
change through indices such as rarity, longevity and geographic extent (Erickson et al., 2012).
Due to the novelty of facilitated migration research and resultant limited quantity of decision
matrix models to date, the most robust of these frameworks can found in the works of HoeghGuldberg et al. (2008). While a small number of other decision-making models have been
suggested within the literature on facilitated migration, this framework reflects the most
generalized approach for use in tree species. The decision matrix presented in Figure 6 seeks to
identify appropriate adaptation strategies for a given tree species based on the economic, social
and biological cost-benefits; future risks of significant population declines and; availability of
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habitat for reestablishment (Hoegh-Guldberg et al., 2008). Thus, within this matrix, a species is
only selected as a potential candidate for an assisted migration approach when risks of
population declines are high, reestablishment habitat is possible or can be made possible and, the
benefits outweigh the costs (Hoegh-Guldberg et al., 2008).

Figure 6: A decision framework from Hoegh-Guldberg et al. (2008) for determining
the applicability of assisted migration adaptation strategies for a tree species or
population.

It is suggested by Hoegh-Gulberg et al. (2008) that when utilizing the decision matrix
(see Figure 6) for individual tree species, detailed information, such as species genetics,
bioclimatic modeling, historical records and current assisted migration projects, should be
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considered to ensure accuracy. However, the Hoegh-Gulberg decision matrix has been criticized
for its rigidity and undervaluation of timber and NTFP yielding species (O’Neill et al., 2008).
According to O’Neill et al. (2008) commercial tree species should be considered for an assisted
migration management approach whenever climate change is predicted to reduce productivity.
This economically based approach requires the consideration of additional information when
selecting a candidate species, such as the rotational length; the amount of growth time required
between establishment and harvesting of timber and non-timber forest product stands (O’Neill,
2008; Williams & Dumroese, 2013). However, while O’Neill presents a revised version of
Hoegh-Gulbergs matrix, the species-specific information required for the utilization of his model
limits the application of such an approach when discussing the state of facilitated migration
research and approaches in broad terms. Regardless of the approach chosen for selecting
candidate species, ensuring the availability of suitable relocation habitat is integral to the
application of a successful facilitated migration project (Hoegh-Guldberg et al., 2008; Williams
& Dumroese, 2013).
The selection of a relocation site selection is largely reliant on the facilitated migration
method chosen (see sections 3.4.2.1-3.4.2.3) and the corresponding target migration distance
(Williams & Dumroese, 2013). Target migration distance refers to the necessary distance a tree
species or population needs to be moved to ensure adaptation and resilience throughout their
lifespan (O’Neill et al., 2008). These target migration distances can be geographically measured
in feet or meters of elevation; climatically measured through parameters such as total
precipitation and frost days; or temporally measured based on the date in which the current
climate of the species is equal to the future climate of the outplanting site (Williams &
Dumroese, 2013). Generally speaking, the latter approach is utilized in assisted long-distance
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migration while the former two measurement approaches are applied to the assisted range
expansion and population migration methods (Leech et al., 2011).
In addition to selecting the appropriate target migration distance and ensuring suitable
habitat in the future, relocation sites must also be selected based on significant environmental
factors. Ecological considerations such as soil variables (including but not limited to, pH,
texture, porosity, aeration, temperature, moisture and nutrient content) and surrounding
ecosystem composition (including dominant species and the presence of endangered or rare
species) should be studied (Hunter, 2007; Lafleur et al., 2010). All of these factors must be
monitored and considered prior to site selection, during outplantation and after relocation
planting is complete to ensure the long-term survival of the migrated species (Hunter, 2007).
However, the application of such intensive preliminary data collection may in turn undermine the
need to implement facilitated migration quickly for high-risk species (i.e. as a result of rapid
population declines) (Ricciardi & Simberloff, 2009).
It is apparent from the information presented above that the selection of candidate species
and adequate outplanting sites for a facilitated migration project is an extremely complex, longterm and resource intensive process. It requires ongoing monetary and human resources for data
collection and analysis as well as the reevaluation of candidate species and replantation sites as
new information is made available (Ricciardi & Simberloff, 2009). Further complicating the
implementation of assisted colonization strategies is the selection of appropriate seed sources for
ensuring long-term adaptability and genetic diversity within a relocated tree population (Lowe,
n.d.). Issues and approaches regarding seed provenance will be discussed in the succeeding
section.
3.4.3.2 Provenancing: Appropriate Seed Source Selection
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Within the discipline of forestry management, provenance refers to “the geographical
area and environment to which the parent trees are native and within which their genetic
constitution has been developed through natural selection” (Jones & Burley, 1973, p. 54). A
suitable provenance selection technique is of utmost importance for any facilitated migration
project as genealogy determines the growth, reproduction and productivity rates as well as the
adaptive capacity to new environments (Bischoff et al., 2010). Likewise, selecting seeds from a
large variety of parent plants is considered necessary for ensuring the genotypic diversity of the
translocated population (Bischoff et al., 2010) In recent years, however, the true definition and
characterization of “native habitats” has been challenged, which in turns results in what is
assumed to be a highly restrictive definition of provenance within forestry management (Wiens
& Donoghue, 2004). This is largely an outcome of the increased understanding of the dynamic
processes, and documented historical incidences, of both natural and human-aided plant
migration and the resultant ecosystems that occur on a landscape (Sork et al., 1999). For
instance, it has been found that within North America, Indigenous communities would collect
and plant various seedlings along their seasonal migration routes (D. Morris, personal
communication February 6th, 2015). As a result, the issues surrounding seed provenance
selection within a facilitated migration project is still a highly debated subject (Bischoff et al.,
2010).
Early research regarding provenance strategies prescribed the use of a ‘local is best’
approach to seed source selection, arguing that it would result in greater levels of successful
translocation (Breed et al., 2012). The basic premise of this strategy was that the selection of
seeds that were locally adapted to environmental conditions would be better acclimatized to the
relocation site (Breed et al., 2012). Thus, within any facilitated migration project, it would be
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recommended that seed sources be taken from the nearest possible parent stand (Breed et al.,
2012). The recommended distance for this local provenancing technique was no more than 50km
and wherever possible ≤30km from parent to translocated stand (Breed et al., 2012). Recent
literature, however, has begun to test and refute the local provenancing technique based on a lack
of increased success rates and low genotypic diversity (Bischoff et al., 2010; Havens et al., 2015;
Lowe, n.d.). In a 2010 study by Bischoff et al., which tested provenance differentiation of four
different plant species, they determined that local seed sourcing did not result in greater
productivity. Furthermore, they determined that the most important factor for assuring
permanence and successful growth within a translocated population was sourcing seeds from a
high number of mother plants from various source locations (Bischoff et al., 2010). These
conclusions have been echoed in the works of Lowe (n.d), Havens et al. (2015), Aitken &
Whitlock (2013) and Weeks et al. (2011). As a result of these recent findings, a new provenance
technique for assisted migration projects has been recommended.
Composite provenancing is an approach to seed selection whereby parent materials are
selected from a large number of mother plants at various distances from the outplanting site
(Lowe, n.d.). Since tree species naturally distribute seeds and pollen over relatively short
distances (often less than 100 meters), this strategy has been suggested as a way to enhance the
natural process of gene flow within a species (Lowe, n.d.; Bacels et al., 2006; Nathan, 2006).
Within this approach it is suggested that, depending on the gene flow dynamics of the species in
question, between 10-30% of seeds be taken from parent plants ≥60km from the outplanting site
(Lowe, n.d.). Utilizing this composite provenance technique within facilitated migration projects
has been found to significantly increase genotypic diversity and productivity within a
translocated species (Bischoff et al., 2010; Havens et al., 2015). This genetic variety in seed
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source selection may in turn provide the greatest biological defense against ecosystem
fluctuations and ensure the success of assisted migration efforts (Bischoff et al., 2010). The
current literature on human-altered landscapes and ecosystems for instance, documents
numerous cases that demonstrate how homogeneous provenance selection can result in
ecosystem decline (Kirby, 2013).
Within the context of Canadian tree species, two cases of maladaptation due to improper
provenance techniques may be presented. The first is reflected in the recent outbreak of
Dendroctonus ponderosae (mountain pine beetle) and drastic decline in Pinus contorta
(lodgepole pine) populations in Western Canada (Government of British Columbia, 2015). A
recent study has determined that the severity of impacts of this outbreak were largely a result of
decreased genetic and species diversity within the replantation practices of the British Columbia
timber industry (Yanchuck, Wallin & Murphy, 2008). Much of the timber industries replantation
efforts utilize monoculture practices with low genetic variability resulting in a high degree of
genetic similarity within timber stands (Yanchuck et al., 2008). As a result, when an invasive
outbreak occurs, the majority (and in some cases all) of the trees located within a stand
population can be damaged or killed (Yanchuck et al., 2008). Increasing the genetic and species
diversity however, could effectively decrease total losses through phenotypic plasticity (i.e.
through short term genetic adaptations to external threats) (Kirby, 2013; Yanchuck et al., 2008).
Within the case of the mountain pine beetle for instance, it was found that certain populations of
lodgepole pine had developed a resiliency to the insect (Yanchuck et al., 2008).
Furthermore, within deciduous tree species, the recent outbreak of the Agrilus
planipennis (emerald ash borer [EAB]) presents another instance of poor provenance techniques
within settled landscapes (Fontaine, 2014). Within many Ontario municipalities, the perceived
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hardiness of ash species resulted in the planting of these trees on public lands and city streets
(McGlade, 2013). However, the recent outbreak of emerald ash borer has resulted in the largescale die off of these populations (McGlade, 2013). While evaluation of the outbreak is still
underway, it has been suggested that the currently used seed sourcing techniques within Ontario
(see section 3.3.2) has resulted in this drastic die off (Fontaine, 2014). Thus, it may be concluded
that the use of genetically similar provenances increases the vulnerability of tree populations to
future decline where cases of homogenous external stressors (such as invasive species or
persistent changes in climatic) are present (Fontaine, 2014; Kirby, 2013; Yanchuck et al., 2008).
However, the carrying out of provenance techniques in the real world is highly variable and
subject to regional socio-political norms and systems (Murdoch et al., 2000). For instance, it is
often the case within Southern Ontario that seed collectors choose not to disclose their seed
sourcing locations. As a result, recommendations for provenance strategies must be based in the
regional context of both policy and local stakeholders (Murdoch et al., 2000). The regional
provenance strategies for the scope of this project (Southern Ontario) will be discussed in
sections 3.6.1.
Following the selection of an appropriate candidate species, relocation site and
provenance technique, the next phase for implementing any facilitated migration project requires
an evaluation of seed dispersal techniques. Ensuring effective seed dispersal is essential in
carrying out a successful translocation project. Seed dispersal techniques applicable to facilitated
migration projects will be discussed in the subsequent section.

3.4.3.3 Long-distance Seed Dispersal Techniques
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There are several ways in which species of flora transport seeds and pollen away from the
parent plant for reproductive purposes. In nature, this can occur via abiotic and biotic dispersal
vectors including gravity, wind, water, fauna and humans (Schulze et al., 2005). With the
exception of human-assisted dispersal, the majority of seeds released by natural mechanisms do
not travel more than a few meters away from the parent plant (Cain, Milligan & Strand, 2000).
Moreover, in most cases of long distance dispersal by wind and water, seeds are commonly
dispersed in regions without suitable climactic and ecological conditions for growth (Pearson &
Dawson, 2005). In recent years, the effects of global climate change and continued human
development has further threatened the effectiveness of these natural dispersal mechanisms
through habitat fragmentation. Without adequate capabilities for long-distance seed dispersal it is
predicted that many tree species will be unable to naturally disperse seeds far enough for
successful migration to future suitable habitats (Cain et al., 2000). As a result, a growing body of
research on long-distance seed dispersal techniques has begun to arise within the literature on
ecological conservation, climate change adaptation and assisted species migration (Cain et al.,
2000; Myers et al., 2004; Nathan et al., 2008). It is important to note, however, that specific
information for each vector of long-distance seed dispersal is still largely unknown (Cain et al.,
2000 Myers et al., 2008). This includes information regarding the best dispersal vector for
various tree species and the productivity and growth success rates for seedlings dispersed over
long-distances (Cain et al., 2000).
As outlined in Cain et al. (2000) there are a number of ways in which long-distance seed
dispersal may occur including vertebrate dispersal through ingestion or adhesion, human
transport, wind updrafts during storms and flowing water. Of these various long-distance
dispersal vectors, the majority of current research is related to humans and vertebrates (Nathan et
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al., 2008). Myers et al. (2008), for instance, investigated the white-tailed deer (Odocoileus
virginianus) as a vertebrate seed dispersal vector in North America forests. Over a one-year
study of several populations of white tailed deer in the Northeastern United States, it was
determined that more than 70 plant species over distances of up to 30km had been germinated
through ingestion (Meyers et al., 2008). However, even with this reasonably high species
germination rate, the relatively small territory and migration patterns of deer hinder their
application in many facilitated migration projects (Lazarus & McGill, 2014). Thus, it expected
that the only reliable mechanism for long-distance seed dispersal in assisted colonization
ventures is the use of humans (Lazarus & McGill, 2014). A 2014 study, which modeled the
likelihood that human aided long-distance dispersal for assisted migration purposes would result
in successful relocation, determined that at distances of ≥130km from the parent sources,
approximately 70% of tree seeds planted would germinate and become productive (Lazarus &
McGill, 2014). While there are still numerous uncertainties within the modeling techniques for
predicting successful species migration, the high rate of success within this study far surpasses
the capability of other vectors for long-distance seed dispersal (Lazarus & McGill, 2014). Thus,
it can be concluded that for the implementation of facilitated migration projects, long-distance
seed dispersal via human vectors is most applicable. It is recommended that such dispersal
methods be carried out through intentional planting programs (Lazarus & McGill, 2014).
The final consideration for implementing any successful facilitated migration project is
the maintenance and monitoring of translocated populations over various temporal scales. The
next section of this review will discuss monitoring approaches in detail.

3.4.3.4 Maintenance and Monitoring
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Throughout the entire process of selecting the appropriate method and implementation
strategies for any facilitated migration project discussed in sections 3.2 and 3.3, careful
documentation of all project data and information is critical (Williams & Dumroese, 2013). This
information may include species-specific genetic and provenance information; location, size and
quantity for each seed source; outplanting location information such as climate, comprehensive
soil analysis and gradient and; establishment procedures (Breed et al., 2012; Williams &
Dumroese, 2013). Following the planting of the relocated species at the outplanting site, regular
site maintenance practices such as herbicide application, continued soil assessments and pest
control can be used to ensure successful migration (Williams & Dumroese, 2013). Another factor
of considerable importance to any facilitated migration project is the long-term monitoring of
success rates. Ecological measures of success within the relocated species may involve growth
rates, reproductive capacity, ecosystem health assessments, biodiversity monitoring and intensity
of invasion into surrounding ecosystems (Aubin et al., 2011; Pedlar et al., 2012; Williams &
Dumroese, 2013). Continued monitoring of these success measures across multiple temporal
scales including the short-term (1-5 years), intermediate term (5-50 years) and long-term (>50
years) is paramount for ensuring the success of facilitation migration efforts for tree species
(Landis et al., 2010). Long-term monitoring is especially important in cases where assisted
colonization management strategies are utilized for commoditized timber or NTFP producing
species. Due to the relatively long rotational lengths of most timber and NTFP tree species,
increased resources for long-term maintenance and monitoring are necessary for ensuring
successful harvest of these products (O’Neill, 2008).
It is interesting to note that despite the growing literature on implementation strategies, a
current lack of knowledge and resources within the public sector regarding the facilitated
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migration of commercialized tree species has resulted in the realization of very few relocation
projects (Williams & Dumroese, 2013). In recent years, however, there has emerged a small
number of assisted colonization projects dedicated to preserving the socio-economic benefits of
North American timber producing tree species.

3.5 Facilitated Migration: Case Study Analysis
The comparative novelty of, and controversy within, the literature on assisted migration
approaches for ensuring the longevity of forest and NTFP producing tree species (when
compared with more established short-term forestry management approaches) has resulted in
minimal implementation of formal, government led projects across North America (Ricciardi &
Simberloff, 2009). While many of these pilot projects have strictly conservation goals, such as
the assisted migration of endangered populations of Florida torreya (Torreya taxifolia) within the
southeastern United States, a small number are being implemented in order to evaluate the
success of assisted relocation projects for ensuring long-term productivity of commercialized
tree species (McLachlan et al., 2007). The succeeding section of this literature review will
discuss two such case studies.

3.5.1 The Assisted Migration Adaption Trial: British Columbia
The large reliance on the timber industry in British Colombia (BC) for job creation and
economic contributions has resulted in a growing concern as to how the effects of climate change
will affect the industry (O’Neill et al., 2013). While it is estimated that 300 million tree seedlings
are planted each year within BC and Yukon, the 60-80 year rotational length of most timber
species presents a unique issue for conceptualizing what the climate will be like within these
timber stands in the future (O’Neill et al., 2013). Increased temperature and altered precipitation
patterns threaten to expose timber stands to increased stress, invasive species as well as declining
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health and growth rates (O’Neill et al., 2013). In response to this growing uncertainty, the BC
Forest Service has initiated a long-term climate change research study.
Beginning in 2009, the British Columbia Assisted Migration Adaption Trial (AMAT)
seeks to understand the effects on forest health and growth in various climates and at differing
latitudes (O’Neill et al., 2013). Utilizing the intentional planting programs already well
established within the province, seeds from 15 commercialized tree species were planted
between 2009-2011 at 48 outplanting test sites ranging from central Yukon to northern
California (O’Neill et al., 2013). A detailed list of species being tested in the AMAT project and
the location of each outplanting site is provided in Figure 7 below. Demonstrated in Figure 7 is
the vast expanse of distances between seed source (native habitat ranges) and outplanting sites,
which seek to test each methodological approach to facilitated migration (see section 3.4.2).
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Figure 7: Location of
AMAT seed sources and
outplanting sites (3.1) and a
list of 15 tree species being
tested in AMAT (3.2)
(Government of British
Columbia, 2015)

Within the AMAT trial, provenances were selected from 48 different seed sources for
each of the 15 trial species (O’Neill et al., 2013). Test sites were selected to ensure seedlings
could be monitored within climates that are currently and predicted to be warmer/colder,
wetter/drier and farther north/south of the seed source. This was accomplished using multivariate climate analysis including latitude and 8 climate variables, which established the
presence of 48 climate zones within the study region (48 climate zones= 48 test sites) (O’Neill
et al., 2013). Thus, long-distance dispersal of >1,000 km away from the parent plant were
achieved in the AMAT project (O’Neill et al., 2013). Within each 5km by 5km test site,
approximately 3200 trees were planted within 32 distinct seedlots (2 seedlots for each test
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species and 2 control lots) (O’Neill et al., 2013). Ongoing maintenance of the lots including
fence repair, removal of competing vegetation and pest mediation measures are carried out
regularly at the test sites. Monitoring of the sites is scheduled to occur every 5 years after
planting completion to evaluate success indicators such as height, diameter, wood quality and lot
mortality rates (O’Neill et al., 2013). Data analysis will then be applied every 5 years to map
productivity of each seedlot over time and determined the most and least productive non-native
habitats. Since planting was completed only 3 years ago (and monitoring is to occur every 5
years), there is currently no monitoring data available for the AMAT trial. The results and
anticipated success of such a large-scale facilitated migration trail are predicted to have
significant implications for the future of conservation biogeography. Successful execution of the
methodologies and implementation strategies of British Columbia’s AMAT project could inform
best practices for adopting such approaches in the perseveration of commercialized tree species
and the socio-economic systems they support around the globe.

3.5.2 The Nature Conservancy: Planning Future Forests
In the state of Minnesota, the timber industry has a long history of producing significant
levels of employment and economic output (Haugen & Jacobson, 2012). In 2007, the economic
contributions of the timber industry within the state were estimated at $8.7 billion (USD)
(Haugen & Jacobson, 2012). Comparable to the case of British Columbia outlined above, the
effects of climate change are predicted to significantly impact the productivity of Minnesota’s
timber industry. Of particular concern within the region are the predicted effects of rising
temperatures and decreased precipitation to commercialized boreal species, such as white spruce
(Picea glauca), balsam fir (Abies balsamea), paper birch (Betula papyrifera) and trembling
aspen (Populus tremuloides) (Haugen & Jacobson, 2012). As a result of this growing concern,
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the Nature Conservancy in cooperation with the Minnesota Department of Natural Resources,
has launched an assisted population migration trial referred to as the Planning Future Forests
project (Nature Conservancy, 2015).
Beginning in the summer of 2013, volunteers and workers sought to implement a 2year intentional planting program in Northeastern Minnesota’s Arrowhead region (Nature
Conservancy 2015). It is estimated that the program has resulted in the planting of 52,000 red
oak (Quercus rubra), 23,000 bur oak (Quercus macrocarpa), 26,765 white pine (Pinus strobus),
4,550 yellow birch (Betula alleghaniensis) and 2,000 basswood (Tilia americana) seedlings.
Seed source selection for this project was relatively local, as these species can be found
(scarcely) throughout the region, though they are far more common in southwestern Minnesota.
In some cases, however, distances between parent plant and dispersal did exceed 300km
(Breining, 2013). These planting mechanisms were used in combination with the seasonal
intentional planting programs of the region’s boreal species. It is the hopes of this assisted
population migration trial that, since projected climates within the outplanting region will
become less suitable for the boreal timber species currently harvested, increased suitability for
the migrated species will result in long-term viability of the timber industry (Haugen &
Jacobson, 2012). Outplanting site selection was based on climate modeling of future suitable
habitats for the candidate species. The current (1960-1990) and projected (2070-2100) forest
types within the Eastern United States and Minnesota, as well as an approximate location of the
Arrowhead region can be seen in Figure 8 below (Aitken & Whitlock, 2013).
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Figure 8: Current and projected dominant forest types within the Eastern United States
(modified from Aitken & Whitlock, 2013)

Based on this model, it is evident that a drastic change in dominant forest type within
Minnesota’s Arrowhead region (outlined in gray) from Aspen-Birch to Oak-Hickory under
future climate scenarios is projected. Thus, the selection of oak and complementary species
within the region’s assisted population migration project will likely be well-supported wellreceived in future climatic scenarios (Nature Conservancy, 2015). At present, however, there is
little information regarding the long-term maintenance and monitoring efforts to be applied
within Minnesota’s Planning Future Forests population migration trial. This is largely due the
fact that planting programs concluded less than a year ago in the summer of 2014 (Nature
Conservancy, 2015). As with the AMAT in British Columbia discussed above, successful
implementation of the Planning Future Forests population migration trail could begin to close the
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gap between the currently controversial discussions and real-world implementation of assisted
colonization adaptation strategies.

3.6 Assessing Weaknesses and Current Gaps in Knowledge
Section 3.4 and 3.5 sought to provide a description of the currently understood
mechanisms for implementing successful facilitated migration projects for tree species.
Nevertheless, due to the novelty of the facilitated migration approach, there are numerous (and
often poorly understood) controversies and knowledge gaps within the literature (Ricciardi &
Simberloff, 2009). Uncertainties regarding the ecological, socio-economic and political
implications of executing facilitated migrations projects including species and region specific
considerations, ethical concerns, policy requirements and economic resources will be discussed
in the following section.
Within the literature on facilitated migration, the most basic of controversies arises when
considering the ecological implications of well-intentioned human interference with the
environment (McLachlan et al., 2007). Despite continued research on the ever-growing number
of invasive species of flora and fauna around the world, it is still largely impossible to predict
which introduced species will become problematic and which will not. As a result of this lack of
knowledge regarding species distribution and abundance patterns, as well as the potential for a
significant time interval (of up to a century) between new species introduction and ecosystem
invasion, opponents to facilitated migration argue that such drastic measures be studied further
before real-world application of these strategies occurs (Ricciardi & Simberloff, 2009). Many
opponents suggest that large-scale human interference with the environment is simply a way to
cover up the damages induced by human action, such as habitat fragmentation and mass species
extinction due to human development and climate change (Fazey & Fischer, 2009). As a result, it
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is often suggested within the rival literature that less extreme management strategies, such as
landscape design and defragmentation of habitats should be implemented until the ecological
implications and invasion risks of facilitated migration are better understood (Pearson &
Dawson, 2005). It is interesting to note however, that a 2008 study by Mueller and Hellman,
which reviewed 468 well documented species of flora and fauna invasions around the globe,
found that <15% of invasions occurred on the same continent where the species originated. The
vast majority of invasions (over 85%) have occurred as a result of international trade and
continent-to-continent introductions (Mueller & Hellman, 2008). Thus, proponents of the
facilitated migration approach argue that the negligible risks of both inter and intra-continental
invasion nullify the opposition to facilitated migration on ecological grounds. Furthermore, it is
argued that the suggestion of encouraging natural migration through landscape design is not
applicable to long-lived species of trees upon which many socio-economic systems rely (Mueller
& Hellman 2008).
Ethical controversies also present themselves within the existing literature on facilitated
migration (Schwartz et al, 2012). Firstly, it has been questioned as to whether the wide
acceptance and application of the adaptive and anticipatory measures inherent in facilitated
migration strategies will undermine the progress of direct climate change mitigation (i.e. through
greenhouse gas reduction) (Schwartz et al, 2012). Moreover, it has been argued that the managed
relocation of species may result in the relaxing of efforts for habitat conservation (Schwartz et al,
2012). For instance, if a relocation project was recommended to occur within -or adjacent to- an
existing conservation area, significant ethical and policy related questions would arise (Kirby,
2013; Schwartz et al, 2012). Would the introduction of a migrated species undermine the current
protection and conservation efforts, or would it prepare for a projected future scenario where the
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current populations of tree species protected within the region may decline? (Schwartz et al,
2012). Much of these ethical considerations arise within the context of future modeling
uncertainties (Guisan & Thuller, 2005). As a result, careful considerations regarding how best to
incorporate facilitated migration projects into the existing policy framework for conservation and
mitigation is crucial (Schwartz et al, 2012). However, at present, there is very little information
on how best to integrate these potentially opposing strategies within the context of regional,
national and international policy regimes (Schwartz et al, 2012).
Further controversies arise within the literature on facilitated migration regarding the
methodological and implementation approaches discussed in sections 3.4.2 and 3.4.3. The first of
these issues relates to the uncertainties in method and outplanting site selection strategies. Due to
the large reliance on global climatic modeling, it is argued that the predictions of future suitable
habitat for species are unreliable and thus, there is no guarantee that facilitated migration efforts
will be successful (Ricciardi & Simberloff, 2009). Predicting the future distribution of suitable
habitats for the selection of long (translocation of exotics) or short distance (assisted range and
population expansions) migrations rely on niche modeling and largely ignore the multidirectional nature of climatic changes (Guisan & Thuller, 2005). Furthermore, important
considerations, such as the potential of a species to adapt or acclimatize to new climatic
conditions, are rarely considered within future climate predictions. Thus, it is argued that the
selection of methods and outplanting sites for the implementation of a facilitated migration
projects are in essence a ‘best guess’ based on highly uncertain representations of the future
(Guisan & Thuller, 2005). Moreover, it is argued that the limited and continually evolving
literature on species genetics, phenotypic plasticity, provenance and seed dispersal techniques
warrant further caution when considering facilitated migration management strategies. The
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recent shift within the provenance literature from a ‘local is best’ to ‘composite provenancing’
approach is a prime example of how little is known about ensuring genotypic diversity and
ecosystem vitality within a migrated species population (Ricciardi & Simberloff, 2009).
Furthermore, it may be argued that the shift in opinions on provenance strategies has largely
occurred within the academic community and is still uncommon in practice. As was seen in the
case of the Nature Conservancy Future Forest project, the majority of the seed sources for
outplanting were locally sourced. Due to these vast modeling and implementation strategy
uncertainties, adversaries of the facilitated migration approach have suggested that an increase in
seed-banking efforts be made to ensure the preservation of species until predictions regarding
future climates and efforts for ensuring genotypic diversity become more conclusive (Fazey &
Fischer, 2009).
The final (and arguably most controversial) debate regarding facilitated migration
management strategies is found in the extensive gaps in knowledge regarding the socioeconomic and socio-cultural implications of such strategies (Fazey & Fischer, 2009). Within the
current literature, including case studies where facilitated migration is already being
implemented, there is very little information regarding the opinions and roles of policy makers
and local stakeholders (O’Neill et al., 2013). The large-scale implementation of such projects,
which may or may not occur on public lands, necessitates government involvement through the
provision of monetary and legislative resources (Ricciardi & Simberloff, 2009). At present,
however, there is very little information as to what extent stakeholder involvement should occur.
In the case of British Columbia’s Assisted Migration Adaption Trial (AMAT), there is no
mention within the current documentation of the project that outlines the extent of stakeholder
involvement in the development of implementation of the project (O’Neill et al., 2013). As most
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facilitated migration projects are likely to be very costly, discussing the amount of upfront and
ongoing funding for such extensive projects is important information for future implementation
presently not found within the literature. Moreover, legislative guidelines for implementation and
monitoring could alsosignificantly reduce the risks of biases in the ongoing research of
facilitated migration projects. Implementation of such research by private sector interest groups
(i.e. a timber company) could result in data that favors the interests of ongoing profit and
understates environmental impacts (Ricciardi & Simberloff, 2009). Thus, the role of legislation
and non-partisan monitoring of facilitated migration projects is essential for ensuring accurate
and ongoing investigation on such management strategies. Such information regarding the role
of the state is currently lacking within the facilitated migration literature (Richardson, 2015).
Despite the current gaps in knowledge regarding the ethical and methodological
uncertainties of facilitated migration projects, as well as the necessity to consider the
implementation of such approaches on a case-by-case basis, there is a need to consider the
application of such strategies as a “no-regrets” approach to climate change adaptation (Schwartz
et al, 2012; Siegel, 2011). Defined as an approach that engages in active adaptation and
mitigation strategies to climate change despite the novelty, uncertainty and perceived barriers to
such approaches, the no-regrets model provides an ideal basis upon which the potential
drawbacks to facilitated migration may be considered (Seigel, 2011). It may be argued that the
decision not to act regarding the implementation of facilitated migration may be more
detrimental in the future than the potential impacts that may arise due to the ethical and academic
uncertainties outlined above (Seigel, 2011). However, due to the inherent complexity in applying
such approaches, identifying potential implementation strategies for facilitated migration projects
will likely have to be evaluated on a case-by-case basis (Schwartz et al, 2012). The final section
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of this literature review will provide the necessary contextualization of the social-processes
within Southern Ontario’s sugarbush production and summarize the findings of the previous
sections in order to provide some initial thoughts regarding the implementation of a facilitated
migration project.

3.7 Applying Facilitated Migration to Southern Ontario’s Sugar Maple Ecosystems
3.7.1 Additional Socio-cultural Context and Considerations
The socio-cultural issues within facilitated migration projects arise predominantly in
cases where the candidate species provide timber or non-timber forest product (NTFP) resources,
though little information is currently available for the application of such approaches within
NTFP (O’Neill et al., 2013). In these circumstances, significant ethical issues regarding the
acceptance of such drastic management strategies by industry stakeholders produce a unique set
of challenges (Fontaine, 2014). Active and ongoing acceptance by all stakeholders as well as
participation in decision making is essential for ensuring the long-term resilience of the socioeconomic systems reliant on timber and NTFP resources under facilitated migration management
strategies (O’Neill et al., 2013). Stakeholders for such a project may include local business
owners or producers, large scale corporate producers, public interest groups and government
agencies. At present, however, information regarding public opinions and the social processes of
facilitated migration projects within timber and NTFP industries or within government is largely
nonexistent (Fontaine, 2014; O’Neill et al., 2013). Knowledge regarding the willingness of
producers to engage in such projects is also not well documented (Richardson, 2015). A 2014
study found that woodlot managers and forestry experts agree there is a need to engage with
facilitated migration projects in urban forests (Fontaine, 2014). However, producer opinions on
this adaptation strategy within non-timber forest resources in general, and sugarbush production
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in particular is still largely undocumented (Richardson, 2015). Finally, the underlying social
processes of timber and non-timber forest product industries are largely based on the regional
context and industry where they occur. For instance, it may be argued that the recommendations
for a successful facilitated migration project within Quebec’s sugarbush production will be
different than those in Ontario. This is a result of the variability in social-processes, such as farm
level operations, management and future adaptation goals within sugarbush production across
regions (Murphy et al., 2012).
In addition to the relevant policy context within Southern Ontario’s sugarbush production
operations outlined in section 3.3.2, context specific factors related to the presently understood
methodologies and implementation strategies of facilitated migration strategies influence the
ways in which these projects may be carried out. This includes the underlying policies regarding
forestry management and conservation, provenacing and transport of organic materials. For
instance, it is widely accepted within the academic community that high genotypic diversity
plays an essential role in determining the resilience of plant communities to environmental
changes (Aitken & Whitlock 2013; Bischoff et al, 2010; Havens et al., 2015; Lowe (n.d)). Within
Southern Ontario, however, there remains an underlying policy that promotes the practice of
locally based seed sourcing strategies. In fact, the province of Ontario currently utilizes ‘seed
zones’ for seed sourcing within forestry management, conservation and restoration practices
(Colombo et al., 2008). Simply defined, these seed zones reflect the geographical extent or
distance to which seeds from local parent plants may be out-planted (McKenny, Pedlar &
O’Neil, 2009). A current map of the seed zones within Ontario is depicted in Figure 9 below
(Trees Ontario, 2015).
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Figure 9: Current
Seed Zone Map
for Ontario (Trees
Ontario, 2015)

The use of these seed zones is largely based on outdated information and the previously
understood ‘local is best’ provenance strategy (McKay et al., 2005; O’Brian et al., 2007).
Orgininally determined based on 30-year climate normal data; it may be argued that such
practices must reflect not only climatic considerations, but also socio-political factors (O’Brian
et al., 2007). However, due to the predominate control of seed sourcing practices by the private
sector, changing industry norms is inherently complex (Colombo et al., 2008). As a result of
these practices, one of the most applicable approaches to facilitated migration within Southern
Ontario’s sugarbush production systems would likely be restricted (McKenny et al., 2009).
Under current provenance practices, the use of assisted population migration strategies, either via
outplanting within the northern habitat range or the planting of genetically adapted provenances
within the current habitat range, could be restricted or unattainable.
Further complicating the latter option is the extensive policy and restrictions regarding
the transport of seeds across the US-Canada borders (Zach et al., 2012). At present, the Canadian
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Food Inspection Agency requires strict documentation of the seed source, genetic information
and intended planting location in order to be approved for entry into Canada (CFIA, 2015).
These restrictions could pose a significant political barrier to the use of more southerly-adapted
sugar maple provenances within Southern Ontario. However, within other regions in Canada (for
instance the British Columbia AMAT project described in section 3.5.1), such socio-political
barriers have been overcome (O’Neill et al., 2013). Thus, an increased understanding of the
current ‘on the ground’ practice, as well as perceived strengths and weakness of the current seed
sourcing policy reflects a current gap in knowledge regarding the implementation of facilitated
migration within sugarbushes in Southern Ontario.
3.7.2 Potential Sugar Maple Facilitated Migration Approaches and Implementation
The substantial socio-economic contributions of the maple syrup industry as well as the
importance to Canadian identity and culture could be used to support the argument that sugar
maples are an ideal candidate for facilitated migration management strategies (Murphy et al.,
2009). Additionally, as climate modeling research and projections already indicate the potential
for significant losses in habitat and productivity within Southern Ontario’s sugarbush industry in
as little as 35 years, risks of population decline further necessitate the consideration of long-term
adaptation strategies (Brown et al., 2015; Hoegh-Guldberg et al., 2008). Thus, according to the
decision matrix depicted in Figure 6 (see section 3.4.3.1) for determining candidate species of
facilitated migration, sugar maples meet all the presently understood criteria for becoming a
candidate species for assisted colonization efforts (Hoegh-Guldberg et al., 2008). However,
within the case of sugar maple ecosystems and the maple syrup production industry in Southern
Ontario, there are numerous ways in which the decision matrix does not reflect an accurate
candidate species selection model (Fontaine, 2014). For instance, the currently understood
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research fails to consider the socio-cultural and socio-political context in which the decision to
engage in facilitated migration must be considered (Fontaine, 2014; Schwartz et al, 2012). As a
result, it is impracticable to assume, based on the current literature, that sugar maples are an ideal
candidate species for facilitated migration adaptation strategies (Fontaine, 2014). Further
research is necessary to determine the case specific contexts for candidate species selection.
From a methodological perspective, the combination of various assisted population
expansion and range expansion techniques may provide the most applicable approach to
applying facilitated migration projects within sugar maple ecosystems. This assumption has been
largely based on current climate model predictions, which indicate that much of the habitat
within the northern extent of sugar maples ecological range will remain suitable under various
climate scenarios (Brown et al., 2015; Colombo et al., 2007). This is depicted in Figure 10
below, which illustrates the results of a GIS based study used to model the habitat suitability for
sugar maples compared to their current range under a climate scenario with an increase in CO2 to
700ppm in the year 2070 (Hobish, 2015).
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Figure 10: Results of a sugar maple habitat suitability analysis under a climate scenario
with an increase in CO2 to 700ppm and the resulting increase in temperature (left) and
including soil moisture variables (right) (Hobish, 2015).

It is demonstrated within these modeling projections that for long-term adaptation
purposes, the application of facilitated migration approaches including population expansion into
areas predicated to maintain suitable habitat (depicted in green), as well as range expansion
(depicted in blue) along the northern extent of the current habitat range could be beneficial
within sugarbush ecosystems (Hobish, 2015). However, there are significant barriers to both
these approaches. For instance, the limitations and uncertainties of modeling projections
significantly limit the reliability of selecting methodological approaches (Schwartz et al., 2012).
Furthermore, the geographical landscape of Canada poses as a significant barrier to the
implementation of facilitated migration strategies (Hayashi, 2011). The presence of the Canadian
Shield for instance, would likely act as a physical barrier to the northward expansion of sugar
maple habitat (Hayashi, 2011).
Alternatively, or in conjunction with the previously suggested approaches, the
preservation of current sugarbush production regions within Southern Ontario could be achieved
through the alternative assisted population expansion methodology suggested in section 3.4.2.1
(Leibing et al., 2013). In this approach, provenances from the southern range of sugar maple
habitat or genotypes with known phenotypic responses to future climate, could be planted within
Southern Ontario’s current sugarbush production regions (Leibing et al., 2013; Vitasse et al,
2010). Historical and archival information reveals that minor annual droughts within eastern
Canada and the United States were relatively common in the late 1700’s and early 1800’s
(Dupigny-Giroux & Mock, 2009). An analysis of personal records of Canadian syrup producers
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indicates that while the season was generally shorter as a result, the higher sugar content and
quality of the sap significantly improved the overall flavor of the syrup compared to previous
milder, wetter seasons (Dupigny-Giroux & Mock, 2009). From this historical case of sugar
maples, it might make sense to transport genotypes from the United States to Southern Ontario
that are adapted to the projected temperature increases and soil moisture deficits (Brown et al.,
2015; Dupigny-Giroux & Mock, 2009).
Under this approach, however, there exist numerous uncertainties. Most significantly,
replanting the current sugar maple habitat range with future climate adapted genotypes does not
necessitate that maple syrup production will occur in the future (USDA, 2012). Due to the
reliance on specific weather conditions for sap production and harvesting, there is no way to
determine with exact certainty as to how facilitated migration approaches will impact the
industry. Furthermore, the political barriers for cross-border seed transport reflect another
difficulty to applying these methodologies (Schwartz et al., 2012). As a result, there are
important contextual considerations related to social processes that must be evaluated prior to the
implementation of any facilitated migration project, including producer willingness to engage in
such projects, socio-political systems and an understanding of uncertainties (Murdoch et al.,
2000). Potential implementation approaches for a Canadian sugar maple facilitated migration
project could include a multi-year intentional planting program. Modeled after the cases of the
British Columbia AMAT and Minnesota’s Planning Future Forests assisted colonization
projects, planting could occur every spring-summer until completion of the outplanting phase.
Based on the current understandings within the provenance literature, a large variety of seed
sources taken from parent plants at various distances from the outplanting site would be
necessary to ensure genotypic diversity and encourage long-term productivity within the
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relocated population (Bischoff et al., 2010; Havens et al., 2015). However, the current sociopolitical context of provenance techniques within Southern Ontario may act as a barrier to
implementing such composite provenance techniques (see section 3.6.1). If such a facilitated
migration program were put into place, ongoing monitoring and maintenance of the outplanting
(or replanting) sites would be essential (Williams & Dumroese, 2013). The rotational length of
the sugar maple is approximately 40-50 years (Murphy et al., 2012). As a result short (0-10
years), intermediate (10-50 years) and long-term (>50 years) monitoring of the outplanting
populations would be required to ensure ongoing productivity and high annual yields of syrup
(Landis et al., 2010). Since sugarbush production practices are located predominately on private
lands, local producers might be able to carry out this monitoring within their own operations
(Clark & McLeman, 2012). This raises the question as to how much producers would be willing
to engage in monitoring practices, as well as to what extent producers already monitor maple
syrup production outputs (including quality and quantity), especially over the long-term time
scales.
As stated throughout the literature review, the consideration of case and species specific
socio-cultural and socio-political contexts is essential for the effective recommendation of bestcase approaches for the implementation of facilitated migration projects (Fontaine, 2014;
Hayashi, 2011; Schwartz et al., 2012). Within the case of Southern Ontario’s sugar maple
ecosystems and maple syrup production industry, it is apparent that much of this information is
currently lacking (Richardson, 2015). While the above recommendations provided a starting
point for determining the potential approach and barriers for implementing facilitated migration
strategies within sugarbush production, implementing such projects solely on the current state of
academic literature is not ideal. Thus, research into the context specific information for the
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implementation of such adaptation approaches must be completed in order to create a more
holistic understanding of how facilitated migration may or may not be applicable within
sugarbush production. It is the aim of the remaining sections of this paper to begin to fill the
current gaps in knowledge regarding how the facilitated migration adaptation approach might
apply to creating long-term resilience within Southern Ontario’s sugarbush production industry.

4.0 Methods
4.1 General Approach
The collection of research data may be divided into two predominant collection
typologies, qualitative and quantitative (Bricki & Green, 2007). While quantitative data
emphasizes the use of numerically measured results, qualitative research is defined as research
that seeks to gain understanding on aspects of social phenomenon through the collection and
analysis of verbal and non-numerical data (Bricki & Green, 2007). For the purpose of this
research project, qualitative data collection methods were utilized in order to obtain a better
understanding of the current stakeholder perceptions of facilitated migration as an approach to
adapting to climate change in sugar maple ecosystems and maple syrup production industry of
Southern Ontario.
The most common qualitative data collection methodologies include surveys, interviews
and focus groups. In order to obtain the necessary data for the qualitative assessment that is the
purpose of this research project, interviews were the dominant technique utilized. Selected for
the project based on the amount of detail required within responses, the interview approach is
one commonly used within qualitative data collected and is often categorized into three
methodologies: structured, semi-structured and unstructured (Berg, Lune & Lune, 2004).

64

MRP Final Version | Kaitlyn McGlade

Structured interviews are often defined as the delivery of a verbal survey and are very rigid,
allowing for little elaboration upon responses (Berg et al., 2004). In contrast, unstructured
interviews are performed with very little initial organization and progress based on the responses
to an initial question (Berg et al., 2004). Finally, semi-structured interviews utilize a small
number of key questions that help direct the discussion towards the topic seeking to be explored,
while allowing for elaboration and additional information (Berg et al, 2004). Due to the inherent
flexibility of this method, for the purpose of this project, semi-structured interviews were applied
in order to facilitate meaningful conversation regarding stakeholder opinions on facilitated
migration (Gill et al., 2008). It was determined that the use of these semi-structured interviews
could provided the starting point for a broader investigation into stakeholder opinions in the
future. These semi-structured interviews were carried out with 15 participants across Southern
Ontario, with interviews lasting an average of one hour.
Potential stakeholders and participants for this project were identified through a
purposive methodology involving personal networks, website searches, and phone calls. These
stakeholders include, but are not limited to, sugarbush producers, woodlot managers,
Conservation Authority employees and public servants from the provincial (i.e. Ontario Ministry
of Forestry) and federal (i.e. Agricultural and Agri-Food Canada) levels of government.
Following identification, key stakeholders were contacted initially via email or phone using a
script. This initial contact sought to explain the purpose of the project and gauge stakeholder
interest in participation. Follow up emails were then utilized to obtain informed consent and
establish interview times. Please see the appendix for the phone/ email script, consent form and
initial contact information provided.
Once scheduled, interviews were carried out at a location chosen by the participant.
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Interview questions were based on the findings of the literature review. Utilizing this
information, key subject areas and knowledge gaps were identified and incorporated into the
interview guide (Gill et al., 2008). Topics explored within the interviews included, but were not
limited to, climate change, seed sourcing, facilitated migration, policy and sugarbush
management and monitoring. Due to the semi-structured interview approach utilized, the
interviewer was also able to address any pertinent additional information as it arose from the
interview process (Gill et al., 2008). Please see the appendix for the attached interview guide.
While qualitative data collection represents the most applicable data collection
methodology for analyzing social opinions and experiences there is significant concern regarding
the influence of bias (Gill et al., 2008; Rajendran, 2001). The four predominate types of biases
within interview-based qualitative research include moderator bias, sampling bias, respondent
bias and reporting bias (Rajendran, 2001). Sampling biases occur when a group of participants is
unrepresentative of the target population as a whole (Rajendran, 2001). Reporting biases occur in
the data analysis stage of a project whereby a researcher’s own experiences, beliefs or desired
outcome influence the findings of a research project (Rajendran, 2001). Similarly, moderator
bias also relates to the researcher and the way data is collected within an interview. Biases within
this stage of research may arise from factors such as the body language of the interviewee, the
manner in which questions are worded or phrased and the injection of personal opinions into the
interview (Rajendran, 2001). Respondent bias relates to the ways in which a participant responds
to questions, which in turn may be influenced by their mood or the desire to provide a socially
acceptable answer (Rajendran, 2001). While moderator and respondent biases relate to different
members of a research project, they are not mutually exclusive and often occur in conjunction
with each other (Rajendran, 2001). For instance, a participant in an interview may be influenced
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by the interviewee through the way a question is phrased or communicated, resulting in an
answer that is unreflective of the participant’s real opinions (Rajendran, 2001). As a result, it is
important within qualitative data collection and analysis to limit the amount of bias at each stage
of the research (Rajendran, 2001).
For the purpose of this research, biases within the data collection were limited using
several techniques. Within the semi-structured data collection process for instance, the primary
interviewer was aware of the wording of questions in order to avoid asking leading questions and
resultant favorable responses (Rajendran, 2001). Additionally, the interviewer minimized the
input of personal opinions onto the topic in question, such as climate change or policy. However,
due to the nature of the research questions, the explanation of key terms and phrases (i.e. seed
sourcing and facilitated migration) to participants were carried out when necessary. This
injection of theoretical explanations by the interviewer likely influenced and thus created
potential bias within the resultant responses. One approach to overcome such bias in future
research could be the utilization of prerecorded definitions of topics and theories to provide an
unemotional explanation to participants. Sampling bias was minimized through the selection of
participants from diverse educational backgrounds, geographical locations and by choosing
producers with various scales of production. For instance, of the 9 interviews completed with
Southern Ontario maple producers, the scale of production ranged from 450 to 7,000 taps. While
these measures sought to minimize the level of bias within data collection for this research,
completely removing bias from qualitative data collection is impossible (Rajendran, 2001).
However, it has been cited that while some bias will always be reflected in qualitative research
design and implementation, such human influences may more accurately reflect the social
characteristics of human participants within the results of qualitative studies (Rajendran, 2001).
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For instance, the reflection that human opinion is largely representative of preconceived notions
based on how information is portrayed and received by a participant, whether this occurs within
the interview process or external to it (Rajendran, 2001).

4.2 Project Scope
The scope for data collection for this project was constrained within Southern Ontario.
Figure 11 below depicts the current maple syrup production regions within Southern Ontario
(OMSPA, 2012). More specifically, the project scope was limited to the areas in which there is
an overlap between production region boundaries and Conservation Authorities (as outlined
approximately in red). As a result of this project scoping, interviews with producers in 8 of the
11 Ontario maple production regions were to be included within the scope of this research.
However, due to a lack of response in the Southwestern region, 7 of the 8 intended production
districts are represented in the findings of this research. The production regions included within
this project are as follows: Eastern, Grey-Bruce, Haliburton-Kawartha, Lanark District, Quinte
District, Simcoe and Waterloo-Wellington.
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Figure 11: 11 Maple Syrup Production Regions within Ontario (OMSPA,
2012)

While sugarbush production does occur outside this range, the restricted geographical
extent for this research was implemented for several reasons. First, the projected impacts of
climate change and currently modeled effects on sugar maple ecosystems is likely to result in the
most adverse consequences within Southern Ontario in general and in the selected production
regions in particular (Brown et al., 2015; McKenny et al., 2009). As a result of the potential for
adverse effects, the need for the evaluation of long-term adaptation approaches is of increased
significance within the region (McKenny et al., 2009). In addition, based on a review of the
current literature and management practices within sugarbushes in Southern Ontario, the research
sought to assess if the current provenance strategies utilized within this region are likely to result
in maladaptation (Colombo et al., 2008). Since facilitated migration requires the consideration of
many contextual socio-cultural and sociopolitical factors, expanding the geographical scope of
the research outside this range may have resulted in skewed data. Thus, the geographical region
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selected reflects a relatively homogeneous sociopolitical context in which a potential facilitated
migration project may be assessed. Theses underlying political factors include the jurisdictional,
legislative and policy factors that influence land-use and forestry management within the region
(as discussed in section 3.3.2.). Evaluating facilitated migration within the regional context and
socio-political systems of maple syrup production in Northern Ontario and other provinces
provides a potential topic of enquiry for future research.

4.3 Required Information
The qualitative nature of this research project necessitated that significant background
knowledge be obtained prior to carrying out the proposed data collection techniques (Corbin &
Strauss, 2014). In order to answer the research question and provide a summary of the potential
key strategies and barriers for applying a facilitated migration adaptation approach within
Ontario’s sugar maple ecosystems, the project began by undertaking a review of the extant
literature. This information was summarized in the form of a literature review in section 3.0.
Following this, the collection of data via semi-structured stakeholder interviews was carried out
to fill the current gaps in knowledge identified by the literature review and assess the potential
implementation of facilitated migration approaches in practice.
The interview based qualitative data collection technique and limited geographical scope
also required the obtaining of information regarding the location of participants. Utilizing the
Ontario maple syrup production region map (depicted in Figure 11), the selection of participants
was constrained to the study area (outlined in red). Furthermore, due to the large variation in
production practice and socio-cultural systems, participation within this research project is
limited to non-aboriginal sugarbush operators within the study region. In selecting participants
with expertise in forestry and forest management, extensive Internet searches and interpersonal
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networks were utilized to ensure participants had worked in the forestry industry for a minimum
of 10 years.
Based on the personal context of the interviewee (i.e. producer vs. forestry professional) a
particular line of questioning was asked using the interview guide (see appendix). In the case of
producers, the line of questioning within the interview emphasized current management
practices, concerns with climate change, noticeable trends within production records, re-planting
habits of their woodlot, external seed sourcing practices and whether they would be willing to
engage in facilitated migration projects. Alternatively, when interviewing forestry professionals,
questions emphasized broader scale climate concerns within Southern Ontario’s sugar maple
forests, the current state and importance of continued climate change research, as well as the
underlying policy supports and barriers regarding seed sourcing in Southern Ontario and
facilitated migration projects now or in the future.
In addition to background knowledge and ensuring stakeholder participation, this
research project required the acquisition of additional computer-based knowledge and
information. This included the attainment of research ethics approval, appropriate interview
skills, NVivo software for data analysis and training on how to utilize the software. This
additional information was attained using online resources. Once ethics approval was obtained,
interview techniques were studied using peer-reviewed articles and a trial interview was carried
out (Berg et al., 2004; Corbin & Strauss, 2014). This trial interview was utilized to inform the
interviewer on the degree to which personal opinions and leading questions or tones were used.
The results of the trial interview are not included in the findings of this research. Software
training was completed using the NVivo website’s online training tutorials and introduction
seminars.
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4.4 Techniques Used
After obtaining consent from each participant, all interviews were audio recorded with a
Sony™ digital recording device. Following this, the information collected via stakeholder
interviews was transcribed manually into word document format. The transcription methodology
utilized can be described as edited transcription, whereby only the necessary information is
transferred from the interview audio files (McLellan, MacQueen & Neidig, 2003). This approach
was utilized instead of verbatim transcription techniques, which requires the word for word
transference of data, as a way to improve the data analysis capabilities of the NVivo qualitative
data analysis software (McLellan et al., 2003). As NVivo software uses transcription data and the
numerical occurrence of words or phrases in order to code responses, unnecessary information
and phrases were excluded from transcripts. Such words and phrases included but are not limited
to, “uhmm”, “like” and “hmmm”. Additionally, any conversations that were not relevant to the
research and/or interview questions were not included in transcription. However, in the case of
unrelated conversations a note was made regarding the topic and key points within the
transcription record.
Following transcription of interview data, both deductive and inductive research
techniques were utilized within the qualitative content analysis process (Zhang & Wildemuth,
2009). Broadly defined, deductive content analysis entails the generation of concepts or variables
from theory or previous studies and is essential at the inception of a qualitative research project
(Zhang & Wildemuth, 2009). Inductive analysis occurs following the collection of data, whereby
themes and categories emerge through data interpretation (Zhang & Wildemuth, 2009). Within
this research, deductive content analysis has been completed based on current academic theories
and the resultant literature review on facilitated migration approaches. The topics identified

72

MRP Final Version | Kaitlyn McGlade

through deductive content analysis include, but are not limited to, facilitated migration
approaches, Southern Ontario’s seed sourcing practices, Conservation Authority policy and
jurisdiction, long-term sugarbush management, climate change and sugarbush production
(Richardson, 2015). These themes helped to form the basic topics to be addressed within the
interview process and are included within the interview guide. Following data collection, the
transcribed interviews were coded using NVivo software and the deductive themes identified
were utilized as a starting point. Then emergent themes within each of the broader topics were
identified (Zhang & Wildemuth, 2009). For instance, beginning with the deductively determined
code of climate change based on the interview guide, sub-categories emerged in the inductive
data analysis including long and short-term concerns, invasive species, extreme weather and
shifting tapping windows. The results of the combined deductive and inductive coded interview
data are presented and analyzed in the following section.

5.0 Results from Interview Data
As a result of the two distinct categories of participants within this research project (i.e.
maple producers and industry experts) all interview data was coded and organized into themes
and sub-themes based on the underlying circumstance of the participant. Within qualitative
research, this method is referred to as face-coding and is often used in purposive sampling
methods when a researcher needs to compare and contrast the opinions of distinct groups of
participants (Silverman, 2006). The following sections will describe the coded interview findings
of these two groups of participants in order to inform the discussion as to how various
stakeholder opinions may differ and/or support each other, as well as their interactions with the
current knowledge of facilitated migration presented in the literature review.
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5.1 Producer Interviews
To begin the line of questioning directed towards the first sample population of
stakeholders, producers were asked to briefly describe their professional background and
experience in sugar bush production. Following the general line of inquiry, probing questions
regarding the scale of operation, forest type, production practices and sales were discussed. From
this initial line of questioning of the nine producers interviewed, four identified as having some
background education and/or knowledge of forestry and forest management, though only two of
the 4 pursued careers within the field of forestry or ecology. Of the 8 locations utilized for
interviews, 3 sugarbushes were identified as human altered with the remaining 5 identifiable as
natural growth. Human alerted sugarbushes were identified using qualifying factors for
production, specifically the age of the trees, and included properties with sugar maple plantations
and those that were largely deforested within the last 60 years. Natural sugarbushes were
identified based on the age of the trees and ranged from 75-200 years old since the last large
scale logging practices. All but two producers indicated that the forest had been managed for
alternative uses within the last 100 years, including intercropping, livestock grazing and the
harvesting of timber-based forest products. Furthermore, it should be noted that production
experience and landownership of the sugarbushes included within the study ranged from 5-100
years, indicating that some of the historical records of land use practices might have been
misleading.
Within the subpopulation of producers interviewed, scales of operation ranged from a
minimum of 450 to a maximum of 7,000 taps, with production practices also ranging from
traditional spile and bucket to fully modernized vacuum tubing systems with reverse osmosis and
oil-fired evaporators. Sales practices of the producers also varied widely, with some engaging
74

MRP Final Version | Kaitlyn McGlade

solely in farm gate sales and others operating with both farm gate and retail sales that included
syrup and value added products. The diversity in the background knowledge and production
practices within the sample population of producers was chosen purposively in order to create a
representative subpopulation of the Ontario Maple Syrup Producers’ Association as whole, as
well as the distinct geographical production regions discussed in section 4.2. The majority of
observations made within this subpopulation discussed in the subsequent section are generalized
based on the type of responses given. This is largely a reflection of the limited subpopulation
interviewed, which disallows for the data to reflect the differentiation of opinions based on the
various production practices and scales of operations. Following this open line of questioning,
three broad topics of questions were discussed relating to the topics that were of importance to
this research. These three groupings of questions include climate change, seed souring and
facilitated migration, and were used deductively to determine the initial coding system for the
data analysis. The following section will describe the results of the coded data for each category
and resultant subcategory in turn.
5.1.1 Climate Change
The discussion regarding the broad topic of climate change within Southern Ontario’s
sugarbush production operation began with a line of questioning that engaged producers in
discussing their predominate short (under 10 years) and long (10-50 years) concerns regarding
climate change and their sugarbush operation. Within the coded responses, all nine producers
interviewed discussed a greater concern for seasonal weather patterns, extreme weather and
microclimatic events in the short-term than with long-term climatic changes. As one producer
stated “we’re more concerned with you know…the micro-scale climate. Climate during the
production season has a much greater impact on your yields and overall effectiveness of your
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business.” Numerous producers discussed weather events within the previous 5 years, including
the frigid temperatures of the prior two winters and the effects of the March thaw in 2012 as
seasonal concerns that may or may not be influenced by climate change. The direct
differentiation between seasonal weather and long-term climate change occurred in only two
instances, with one producer indicating that “…it’s that extreme weather that precipitated the
discussion [on climate change] at the grassroots, producer level…now we all sort of agree that
climate change is real and we’re more observant of the fluctuating weather.” The remaining
seven interviewees all suggested a concern for an increase in extreme weather events including
droughts, ice storms and wind events, though many were unconvinced that such events were
climate related. Based on these initial responses, the interview data was coded into 2 initial subcategories, which included responses based on their opinions towards climate change. These two
distinct groups of responses are discussed in the subsequent sections.
5.1.1.1 Unconcerned and/or Uncertain
Within the responses regarding climate change coded for suggesting an unworried
opinion regarding the effects on sugarbush production, the predominant underlying factor was a
lack of certainty in the knowledge. Of the total nine, six producers indicated that they were
unsure as to what climate change would mean in terms of long-term effects on seasonal weather,
discussing that based on their own observations the previous 10 years demonstrate no trend
towards warmer annual weather. When asked probing question regarding the current state of
research on climate modeling and Southern Ontario’s sugar maple habitat (as discussed in
sections 3.2 and 3.3), the majority of respondents suggested a disbelief and/or distrust in such
data. Many stated that there were too many unknown variables within climate modeling and
climate change research to be sure of its effects in the future, with one producer concluding that
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“…we are taking out of this equation that nature has a funny way of adapting…if climate change
is slow there will be a slow adaption by the trees. So I don’t really buy the idea that in the next
50 years we won’t have maple production in Southern Ontario.” Other producers indicated that
the dynamic nature of climate change research strongly influences their attitudes towards climate
change and its effects within the industry. Primarily this was reflected upon in terms of the
evolution of climate change research over the past 10 years. As one respondent stated “…one
day we have all this research that the cause of something is climate change and then it turns out
to be some parasite in the soil or something like that.” It is important to note, however, that
approximately 60% of participants who indicated a lack of concern with the effects of climate
change on their sugarbush operation also concluded that they would not be engaging in
sugarbush production in the long-term and would likely be retiring from production within 10
years. As a result, these respondents anticipated that their lack of concern regarding climate
change might stem from the description of their anticipated involvement with the industry in the
future. While some hoped to leave the sugarbush as a legacy to their children and grandchildren,
many were unsure if this would be the case due to the varied careers and geographical location of
their descendants.
In regards to the uncertainties concerning climate change and sugarbush production
operations, all 9 producers interviewed indicated that they had suspicions regarding the projected
impacts on their business. Much of this hesitation was a result of the short-term seasonal
variations during and prior to the tapping season and the resultant influence on the following
production season (as discussed in section 3.3). As one producer stated “In terms of actual sap
production it’s entirely dependent on the weather…so that dampens out the long term
observations we make…It’s very hard to make a specific observation on climate change.” Other
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producers communicated that they were hopeful that a warmer climate would mean better sap
runs and longer seasons in the future. Regardless of the uncertainties and skeptical views towards
the direct and observed effects of climate change within their own sugarbush production
operation, no respondents denied that climate change was in fact occurring on a broader scale.
This suggests that though producers may believe climate change is happening, some may be
unable to connect these beliefs directly to seasonal changes within their own sugarbushes at this
time.
5.1.1.2 Concerned and/or Convinced
Within the subsample of producers interviewed, three of the nine indicated direct and
observable concerns regarding climate change and their sugarbush operations. There was no
observable pattern found within this group in relation to geographic location, scale of production
and years of experience, however, two of the three had a formal post-secondary education and/or
had perused a career in a forestry related field. As one producer put it “Every time I go in the
bush I worry about it because I can see the effects of climate change. So short term and long term
I worried about the next generation…it’s unfortunate. There’s no excuse to be ignorant of what’s
going on.” For the producers who voiced that they were unwavering in their opinions regarding
the reality of climate change impacts, concern stemmed mainly from observable changes as well
as the evolution of woodlot management practices for sugarbushes over the last 15 years.
Producers that manage their sugarbush closely were well aware of the new research regarding
thinning and replanting practices in particular, discussing that the Ontario Maple Syrup
Producers Association’s most recent publication strongly emphasized the need to properly
manage the sugarbush to minimize the impacts of climate change. As stated by one producer “To
me that makes it seem like they are trying to get us ready and adaptable to changes in the
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future...so now I’m worried about what those changes are going to look like.” Similar to the
previous category of responses, uncertainties regarding the actual implications of climate change
were indicated within the group of convinced producers. Furthermore, while the amount of
concern and uncertainty varied between the two, both groups suggested several factors they felt
could be impacted by climate change in the future that would adversely affect their business,
most prominently this was in relation to invasive species.
All nine participants within the interviews discussed concern regarding invasive species
and pests. For instance, four of the nine producers indicated that the recent invasions and
devastation of forests by the emerald ash borer (and ongoing threat of invasion by the Asian
long-horned beetle) in Canada raise significant concerns as to the effectiveness of response
strategies in the future. Furthermore, three of nine producers stated that due to the witnessed
experiences of rapid and extensive destruction associated with past species invasions in Canadian
forest ecosystems, the potential impacts of a future invasion were of greater concern than the
gradual changes projected to occur with climate change. While some contemplated as to whether
invasions were being influenced by long-term climatic trends, all participants agreed that
occurrences of invasions would likely increase over the long-term.
5.1.1.3 Production Trends
Another line of questioning within the theme of climate change was concerned with
producers’ recording keeping habits for each production season. Of the nine interviewees, six
had records dating back more than 15 years, with the remaining three ranging from 3-10 years. In
addition to the variable timeline, the amount of detail kept within an individual’s production
records differed significantly. While some provided examples of detailed daily outputs, including
where each bottle was sold, others maintained basic sap output records for each day of the
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tapping season. Regardless of the variations in the amount of detail of records kept, each
producer was able to look over previous years and determine the weather and total production
output for everyday of the production season.
After the initial line of question regarding record keeping, producers were asked to reflect
upon their records and determine if there were any significant changes over the past 10 years.
While two of the participants could not comment due to the novelty of their production records,
each of the seven other individuals noted observable changes within their production over the
past 10 years. The most frequently mentioned change within the long-term records was the
shifting of the tapping window. As stated by one producer “with the weather being more
sporadic the timing has changed a lot over the years…and not just moving forward or back but
moving all over the place, it’s less predictable.” Other producers (three of seven) made more
generalized comments regarding a perceived trend towards earlier tapping, with several
indicating that through their social networks they had heard discussion regarding significantly
earlier tapping in the United States. Producers also suggested that the previous 2 seasons (2014
and 2015) have been an exception to the observed trend, with production occurring much later in
the season due to the harsh winters and late thaw.
Of the nine producers interviewed, only two indicated a general trend towards a decline
in annual yields over the past 10 years. Three producers noted a change in sap quality, including
sugar content and grading, indicating that there appears to be less runs of lighter grade sap in
recent years. Each of the three producers discussed that they believed the correlation between
climate change and sap quality is as of yet unproven, and that a more plausible factor for the lack
of lighter sap was that they were missing the early sap runs. While only one producer discussed
declining yields, seven of the nine producers interviewed had switched to modernized production
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practices, including gravity or vacuum tubing systems. As a result, when asked to reflect upon
annual yields, many indicated that comparing the two systems made it difficult to assess the
long-term trends due to the changes in technology. As one long-time producer indicated
“…they’re delivering more sap per tap then they ever have. I can’t compare back 8, 10, 20 years
because it’s just a better system.”
5.1.1.4 Management Strategies
To conclude the category of enquiries regarding climate change and the perspectives of
Southern Ontario’s sugarbush operators, a series of questions regarding long-term adaptive
management strategies were presented. Topics within this series of questions asked producers to
describe current management practices carried out within their sugarbush they believed may
increase resiliency and adaptive capacity to climate change, as well as any awareness of novel
research or approaches to adaptive management. During the discussion of current adaptive
management practices, all nine of the producers interviewed stated that they had changed tapping
and thinning practices within their sugarbush in the last 5 years. Three producers indicated that
they now only put 1 tap per tree, with the remaining six placing no more than 2 taps per tree.
Furthermore, six of the nine producers discussed that in the case of a very harsh summer leading
up to the subsequent tapping season, they would likely leave any portion of their sugarbush that
appeared to be under significant stress untapped.
Within the discussion concerning silvicultral and thinning practices, seven of nine
producers suggested that they believed they now had a better understanding of how to keep their
sugarbush viable over the long-term. The most commonly cited practice was the removal of sick
or unproductive maple trees as well as understory species that may hinder the growth of maples
through excessive nutrient uptake. One producer discussed a research project carried out on their
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property to determine the annual yield benefits of active silvicultural practices. Using a 1-hectare
thinned plot and a control plot within the sugarbush, sap quality and output was monitored over 5
years and determined that active thinning practices within a sugarbush may increase production
by 10%. It is interesting to note, that in the case of both altered thinning and tapping practices,
seven of nine producers indicated they did not undertake such practices in relation to climate
change. All seven referred to these management practices as woodlot management and identified
the Ontario Maple Syrup Producers woodlot management guide as the predominant source of
information. While it is undetermined at this time as to whether these management practices will
improve long-term adaptive capacity within Southern Ontario’s sugarbush industry, all nine
interviewees indicated a need to perpetuate research on the topic. Furthermore, all participants
discussed a strong desire to engage in novel management strategies that may arise in the future to
aid in the adaptation of Southern Ontario’s sugar maple ecosystems in the face of climate
change.
The issue of continued research on the topic of climate change adaptation arose numerous
times within the interview process. While some producers indicated a need to better understand
the effects of woodlot management practices (such as thinning and tapping) over the long-term,
four suggested that a deeper understanding of maple on both a species and ecosystem level is
necessary for improving the health of their sugarbush. Topics that required further investigation
and knowledge presented within the interviews included the effects of new production systems
and tapping practices on tree health, as well as the interaction of soil, microflaura, fauna and
companion species on the health of a sugarbush ecosystem. In relation to the desire to evaluate
novel approaches to long-term adaptive management within Southern Ontario’s sugarbush
production industry, five of the nine producers discussed that they had heard of the potential for
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following the movement of sugarbush ecosystems farther north as climate shifted. Only two of
the five indicated that facilitated migration could be carried out intentionally via human-aided
migration. Producer opinions regarding facilitated migration will be discussed further in section
5.1.3.
5.1.2 Seed Sourcing
The second of the broader scale topics discussed within the producer interviews was in
relation to seed sourcing practices and policy. Due to the utilization of seed zones and mapping
within the context of Southern Ontario (as discussed in section 3.7.1), the implications of such
policies may have a significant impact on any future adaptive management practices for maple
species. As a result, it is integral to identify how the current seed sourcing policy is being carried
out in practice within the maple industry, as well as and stakeholder opinions regarding the
strengths and weaknesses of such an approach.
5.1.2.1 Knowledge of Policy Context and Current Practices
Of the nine producers interviewed, six indicated that they have practiced purposeful
replanting on their property. Each of the six producers that had engaged in replanting on their
property had owned the land for over 5 years. However, no other patterns emerged within these
responses in relation to geographic location or experience in maple syrup production. While only
three had replanted sugar maples, all of which were planted as maple orchards, the remaining
three had outsourced seeds and/or saplings for other species within their lifetime. Species planted
other than maples on woodlots were identified predominately as afforestation species, such as
species of oak (Quercus) and pine (Pinus), as well as various species of ornamental coniferous
trees for sale. Following the general inquiry as to whether or not they participated in any
replanting practices, producers were asked to describe what they currently understood about seed
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sourcing policy and practices in Southern Ontario. In many instances, producers communicated
that most out-planting and regrowth within their sugarbush was naturally occurring. One of the
producers with a maple orchard stated that all saplings were removed from the existing
sugarbush and replanted in a nearby open field. In two interviews, producers stated that they had
not outsourced tree saplings since the closing of the provincially operated nurseries in the
1990’s. The remaining four, who have practiced replanting since the privatization of seed
sourcing in Southern Ontario, indicated that tree saplings were sourced from privately owned
nurseries. Only one producer interviewed identified the use of seed mapping and zones within
Southern Ontario, stating that many of his out-planted species were from a local nursery and that
he was aware that “they match the seed zones to here. I’m conscious about that. If I had to source
maples I would source from there as well.” The remaining eight participants were unaware of the
terms “seed zones” or “seed mapping” and, when an explanation was provided, indicated that
they had very little experience with such policy in the operation of their sugarbush. All of the
four producers that had completed outsourced replanting projects within their woodlot since the
late 1990’s indicated that they were not asked as to where they were located when contacting
their local nursery for saplings or seed. As one producer stated, “I don’t think they’re doing that
any more. If you go to a nursery now they just give you whatever. I don’t think they’re giving
too much thought to that anymore. We’ve gotten trees from [a more southern region]…and we
have difficulty growing them in this area.”
Following questions regarding current replanting practices and general knowledge of
seed zones and mapping, producers were asked to describe any perceived strengths and
weaknesses of seed zoning strategies utilized within Southern Ontario. As many of the producers
were previously unaware of the seed zone policy, opinions were formed on the spot following a
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brief description of the basic principles and practices. A strong majority (seven of nine) of
producers interviewed believed that the seed zoning techniques were likely a result of good
research by the MNR and thus, was a beneficial approach to regulating seed sourcing in Southern
Ontario. One producer stated that “...the trees here have adapted to the soil and climate
conditions…so they’ve adapted through natural selection so you want to plant local trees because
they have the best genes for this specific micro-climate.” While others simply stated that they
believed the MNR “knows what they’re doing.” The remaining two participants did not comment
on the effectiveness of seed sourcing policy in Southern Ontario as they strictly carry out
replanting from within their own woodlots.
5.1.2.2 Genetic Diversity and Improving Seed Sourcing for the Maple Industry
Following questions regarding seed sourcing policy in Southern Ontario, producers were
asked to discuss their general knowledge of genetic diversity within forest ecosystems in general
and sugar maple ecosystems in particular, as well as how that might be affected by the current
policy context. Within this line of questioning, seven of nine producers indicated that they
believed maintaining genetic diversity within a sugarbush was important for long-term climate
change adaptation. The other two producers stated that they had never heard the term or
considered genetic diversity within forests. Following a brief definition, these two producers
expressed that they were not concerned by genetic diversity as they felt natural breeding
processes generate enough diversity within their woodlots. Of the seven producers who implied
concern for genetic diversity, five stated that they believed managing their sugarbush as a mixedspecies woodlot instead of an orchard significantly increased the biodiversity and general health
of the sugarbush. One of these producers, who had planted a maple orchard 15 years ago, no
longer believed it to be good practice due to the amount of effort that went into ensuring the
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successful establishment of the orchard as well as the comparatively slow growth rates of the
orchard compare to the natural sugarbush on the property.
None of the producers interviewed indicated how they felt seed sourcing policy within
Southern Ontario might impact genetic diversity (either positively or negatively) within forests.
However, five of the nine producers did refer to current research on genetic cloning of sugar
maples. While three of the five believed that genetic cloning would be beneficial to producers in
terms of increasing sap production and/or sugar content, two raised concerns regarding how
genetic diversity might be impacted by the planting of genetic clones within a sugarbush. As one
producer stated “I think our natural systems have developed the way they have for a reason…so
if everything’s genetically the same they might be more susceptible to disease or something bad
happening.” These two producers also expressed that they would not consider planting genetic
clones within their sugarbush, while the remaining five had no issue with clonal forestry
assuming the new trees would provide increased economic benefits in the future.
To conclude the section of questions regarding seed sourcing and genetic diversity,
producers were asked to describe any strategies they believed could improve seed sourcing
policy for the maple industry. While one of the producers stated he had no comment on this
topic, the remaining eight provided several suggestions as to how the current seed sourcing
policy might better serve the maple industry. The most common responses were related to
increasing the availably of hard maples within nurseries, though many suggested the lack of
supply for the species might be a result of the difficulty in acquiring and maintaining an adequate
supply of viable seedlings. In addition to increasing the stocking of hard maples in nurseries,
seven of the eight producers who commented on how to improve seed sourcing identified a need
to increase the current state of knowledge of sugar maples on a genetic level. For instance,
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identifying genetic traits or external species-level features that improve sap quality and
production. External characteristics referred to within the interviews included research relating to
soil science, such as soil acidity, nutrients and microorganisms beneficial to sugar maple growth
as well as the use of companion species to improve the overall health of the sugarbush. Genetic
traits that producers identified as essential for improving how replanting of sugar maples is
carried out in Southern Ontario predominately related to the interaction of local climate or
weather patterns and the production of sap. As one producer put it “I’m always puzzled by the
fact that in western Ontario they don’t seem to need much frost to produce sap, whereas here we
need it every night to get a good run. So I’ve been curious as to whether that’s genetic.” All
seven of the producers who discussed a need to increase the amount of information regarding sap
production and species level characteristics indicated that accumulating this knowledge and
applying it to seed sourcing practices could significantly improve the success and adaptability of
the industry in the future. When asked to discuss how they believed this research could be
translated into seed sourcing policy, each producer expressed that nurseries could grow various
genetic varieties of seed better adapted to the different climatic and weather conditions of a
region for replanting. However, none of the producers specified that these seed sources would
have to remain within their designated seed zones, and instead seed selection would be the result
of selecting genetic traits best suited to the predominate weather conditions within a region.
5.1.3 Facilitated Migration
The final topic of discussion within the producer interviews was related to facilitated
migration. Interview participants were asked a variety of questions related to facilitated
migration including perceived strength and weaknesses, potential implementation approaches
and the role of various stakeholders in the creation and execution of such strategies. To begin the
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discussion, producers were asked to explain their current interpretation of the term facilitated
migration and/or assisted colonization. Of the nine producers interviewed, seven indicated that
they were not familiar with either term. When asked to provide a best guess as to what it could
mean, five provided answers related to the aided movement of tree species into other
geographical locations. Several of the best guess responses were based on the previous
discussion of seed zones. For instance, one producer stated that “…if they’ve got the seed zones
and they know what grows in different places they might try to put seeds in different seed zones
and they could move it around and see what happens.” The remaining two producers were more
familiar with the terms and identified that they had read about such approaches within research.
These two definitions were significantly more in depth than the other seven, such as the
following example “…you take trees from a southern climate and move them north to get a jump
on climate change. The trees do this naturally but they don’t do it fast enough based on what is
expected from climate change.” Following a brief discussion related to the current interpretation
of the term facilitated migration, a brief explanation of the term was provided to producers in
order to inform the responses to the remaining questions within the interview. The subsequent
section will describe producer responses to the line of questions related to facilitated migration
including implementation strategies and perceived strengths, stakeholder involvement,
willingness to engage in such strategies and potential barriers.
5.1.3.1 Identified Barriers and Weaknesses
In order to gauge the potential for implementing facilitated migration strategies within
Southern Ontario’s maple industry, producers were asked to share any perceived concerns and/or
barriers to such strategies. Following a brief description of the methodology behind facilitated
migration projects, all nine participants identified and discussed concerns. The most commonly
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stated apprehension was in relation to the climatic and underlying ecological conditions within
potential test sites. These uncertainties were referred to by seven producers when discussing the
potential implementation strategy of expanding a species range farther north. Specific concerns
related to this issue included acidic soil types, shorter growing seasons, future sap quality and
harshness of winters in northern Ontario. In addition to reservations regarding the propagation of
sugar maple farther north, eight of nine producers interviewed raised concerns related to the
impact of such practices on the existing maple industry. These potential negative consequences
included an increase in competition by northern producers, effects on pricing and a lack of
protection for the existing industry in the south. Of the eight producers that raised these types of
concerns, six indicated that they felt improving our knowledge on how to adapt to climate
change within the current habitat range of sugar maples could be a more applicable strategy than
expanding the range further north. For instance, identifying genetic traits that allow maples to be
more adaptable to climate extremes including heat, drought and winter temperatures and planting
such provenances within Southern Ontario to replace what could be lost in the future to climate
change.
In addition to concerns related to industry impacts and potential implementation barriers,
five of nine producers referred to the uncertainties within climate change modeling and research
as a disincentive to engage in facilitated migration projects in practice. As stated by one producer
“…it’s a huge risk and investment. You’re gambling and you don’t know if the climate is going
to change in a favorable way.” Six of nine producers also identified funding and policy support
as a significant potential barrier to implementing facilitated migration projects within Southern
Ontario’s maple industry. All six producers that discussed funding and policy contexts indicated
that engaging maple producers in facilitated migration project would require that they receive
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some form of economic incentive and/or cost sharing. Five producers discussed the need for
government policy and support for generating implementation strategies and conducting longterm research on the success of facilitated migration projects. One producer suggested that what
would be needed to engage the maple industry in future facilitated migration projects is for
government “…to lead the whole discussion and initiative. Maple producers would be receptive,
generally, if there is some type of organized program with funding and structure to it.” It is
interesting to note that despite the identification of numerous reservations and uncertainties
related to facilitated migration strategies, all nine producers expressed a willingness to engage in
such projects on their own land given that funding and accurate scientific knowledge was
available to them for the implementation and monitoring of such practices. Additionally, all nine
producers identified sugar maples as an ideal potential candidate for future facilitated migration
projects due to the economic, socio-cultural and ecological significance of the species within
Southern Ontario’s landscape. The various implementation strategies that producers identified
would be most applicable within the Southern Ontario maple industry will be discussed in the
subsequent section.
5.1.3.2 Potential Implementation Strategies
While all nine producers interviewed indicated an openness to engage in facilitated
migration projects for sugar maples that may arise in the future, only two of nine stated that they
would be willing to relocate their business farther north. As a result, the most commonly agreed
upon implementation strategy within producer interviews was the movement of sugar maple
provenances from the southerly extent of the current habitat range into Southern Ontario. This
approach to facilitated migration is referred to as assisted population migration within current
literature as discussed in section 3.4.2.1 (Hunter, 2007). All nine producers interviewed stated
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that they would be willing to plant southern seed sources on their property and monitor their
growth for research. However, six of the nine producers indicated that they would have concerns
as to how facilitated migration projects would be carried out in practice on their property, stating
that they would not agree to plant southerly sourced maple species in an orchard situation.
Despite the agreement that sugar maples would be an ideal candidate species for facilitated
migration projects (as discussed in the previous section), all nine producers discussed the need to
ensure replanting was carried out in a manner that supported the growth characteristics of sugar
maples. This included factors such as shade tolerance, companion planting as well as wind and
sun protection. The three producers interviewed who currently have a maple orchard on their
property expressed that the amount of effort and commitment necessary to ensure successful
establishment and growth within such planting practices is not ideal for ensuring the long-term
success of replanting projects. As a result, it can be concluded that producers would be willing to
engage in facilitated migration if the implementation strategy allowed them to incorporate
southern seed sources into their existing sugarbush and/or woodlot.
Following a discussion of potential implementation strategies for future sugar maple
facilitated migration projects, producers were asked to identify and describe potential
stakeholders in the development, implementation and long-term assessment of such endeavors.
As mentioned in the previous section, the need for funding generated by the government and a
role in the development of detailed implementation plans was noted by six of nine producers.
The other three producers felt that though government involvement would be ideal in the initial
phases of facilitated migration projects, the likelihood of this occurring in practice given the
current state of environmental planning in Canada would necessitate that other stakeholders take
the lead on such projects. Additional stakeholders to be involved in the development and
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implementation of facilitated migration projects for sugar maples noted by producers within the
interviews included the Ontario Maple Syrup Producers Association, Trees Ontario,
Conservation Authorities and non-profit organizations such as the Ontario Model Forest
Network. Interestingly, all nine producers indicated that the on-the-ground implementation of
facilitated migration projects would be most beneficial if carried out by local Conservation
Authorities. This was most commonly mentioned as a result of their involvement and experience
with private land stewardship and management programs. Several producers stated that they
believed working with Conservation Authorities on replanting projects in the past had
significantly improved the success rate of such projects.
The emergence of patterns within producer responses to questions regarding stakeholder
involvement in future facilitated migration projects for sugar maples is another notable area of
discussion. The most frequently cited recurrence of information emerged in regards to the
desired level of involvement that would be required or ideal for such projects by different
stakeholder groups. A general consensus of opinions was found within the producer interview
data in relation to preferred stakeholder roles. Of the nine participants, eight suggested that
provincial ministries, most notably the MNR, would ideally have a lesser role in such projects
(other than the supply of funding), with non-profits, the Ontario Maple Syrup Producers
Association and Conservation Authorities having a higher degree of involvement through
implementation and monitoring. The general consensus on stakeholder involvement was that the
more collaborative the approach in the involvement of many diverse groups of stakeholders, the
more likely that sugar maple facilitated migration projects would be successful. This theme of
collaboration was echoed in the responses of interviews with industry experts, which will be
discussed further in the subsequent sections.
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5.2 Industry Professional Interviews
Of the 15 total interviews completed for this research project, six were carried out with
what has been classified as industry experts. These specialists were identified and selected for
the interview process based on their current job position and number of years of experience
working in forestry or forest management. All six of the industry experts had worked in the field
of forestry for a minimum of 10 years, with the highest level of experience being 30 years. When
asked to describe their background and experience in the forestry sector, a variety of forestry
related jobs arose including horticulture, forest research scientist, forest certification specialist
and forest technician. All six of the forestry specialists interviewed had a postsecondary degree
in a forestry-related program.
Within the subsample of forestry experts interviewed, 50% were involved with the
forestry industry at various levels of government while the other half worked for private firms or
non-governmental organizations. This wide variety in forestry related careers was selected in
order to reflect the diverse groups of potential stakeholders that could be involved in a future
sugar maple facilitated migration project. In addition to their expert knowledge in forestry,
ecology and climate science, five had experience with sugarbush production on either a
professional or personal level. Described involvement with the maple industry ranged from
owning a sugarbush operation on a personal level, to completing woodlot management plans for
producers, as well as working on potential growth strategies for the Ontario maple industry in the
future.
While some of the interview questions utilized within the industry expert interviews
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remained the same as those asked within the producer interviews (see appendix for interview
guide), many additional or substitute questions were discussed as well. The interview questions
were subdivided into the same 3 broad topics for discussion as in the producer interviews
(climate change, seed sourcing and facilitated migration), however, questions were often worded
more generally in reference to Southern Ontario’s deciduous forest ecosystems. Follow up
questions were utilized to generate responses on the sugarbush industry in particular. In addition
to the similar questions asked of producers, such as those related to general knowledge of, and
opinions towards, climate change, seed sourcing policy and facilitated migration, further
questions asked within industry expert interviews predominately related to knowledge of the
policy contexts underlying the broad topics of discussion. The subsequent sections will describe
the results of the six industry expert interviews carried out for this research.
5.2.1 Climate Change
Following the description of their educational and professional backgrounds, industry
experts were asked to engage in a brief discussion regarding their current opinions and
knowledge regarding climate change. Due to a unanimous agreement by all industry experts that
climate change is occurring, this portion of the interview was significantly shorter than for the
producer interviews. Questions posed within this line of enquiry asked industry experts to
describe their long and short-term concerns regarding climate change within Southern Ontario’s
maple industry and sugar maple ecosystems. Specialists were asked to describe any knowledge
relating to long-term management strategies for increasing the adaptive capacity of Southern
Ontario’s forest ecosystems and sugarbushes. The subsequent sections will first describe the
predominate short and long-term concerns regarding climate change and Southern Ontario’s
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forests as identified by the industry experts, followed by a discussion of currently understood
long-term adaptive management approaches.

5.2.1.1 Impacts on Southern Ontario’s Forests and Sugar Maple Ecosystems
When asked to describe current short (under 10 years) and long-term (10-50 years)
concerns regarding the potential effects of climate change on Southern Ontario’s forest
ecosystems and sugarbush production industry, all six industry experts indicated that the
majority of their concerns were related to either insufficient public knowledge or long-term
impacts. The issue of highly variable socio-cultural and socio-political beliefs towards climate
change arose in five of six interviews. All five industry experts that commented on such issues
identified the most significant problem to be a lack of acceptance and understanding regarding
climate change within the general population and government. As stated by one specialist “I
think though most of the challenges are socio-cultural and socio-political…because of the lack of
belief or understanding that climate change is going on, let alone what can we actually do about
it.” This lack of acceptance was suggested by three participants to be of increased concern within
the maple production industry due to the short-term focus of producers on seasonal weather
patterns and not long-term climatic changes. Similarly, another professional described their
experience in working towards improving climate change policy within government as being
determined by the fact that “…it’s hard to get support for things that aren’t pretty solid. With
climate change there is a lot of uncertainty around what the problem is or misunderstanding or a
lack of direction about what the problem is. There seems to be a lot of people not on the same
page….from it’s not even happening to we need to immediately start planning stuff. Those
extremes exist even in the government.” Of the five industry experts that raised concerns
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regarding the lack of agreement on the issue of climate change, four discussed that this could be
a result of the complicated nature of climate science. Complexities identified as a potential
barrier to creating consensus on the issue of climate change included modeling uncertainties and
the global scale of the root causes, impacts and potential solutions.
In addition to concerns regarding a general lack of agreement on the existence of climate
change, all six forestry professionals interviewed identified a need to improve the type of
knowledge being disseminated to the public and policy makers. All six discussed the need to
move away from the idea of “global warming” as the most commonly cited effect of climate
change towards a more robust and comprehensive description of potential impacts. The
discussion of this subject, in turn, directed responses towards a dialogue regarding the potential
long-term impacts to be addressed when educating people on the effects of climate change in
Southern Ontario’s forests. The most commonly referenced potential impact was in relation to
changes in weather and climate extremes and the adaptability of tree species to such deviations.
Each of the six professionals interviewed believed that these concerns were of greater
significance within forest ecosystems due to the longevity and slower evolutionary response of
tree species. As stated by one specialist “The bottom line is we just don’t know how elastic trees
are in terms of their ability to respond to changing conditions. They’re going to be tested
severely. Not in the next 10-20 years but over the lifespan of a tree they will become increasingly
maladapted to the climate that they’re in.” Furthermore, the potential for more erratic climate and
weather was noted by four of the six experts as the most concerning impact for the maple
industry, due to the significant reliance on relatively homogeneous and consistent weather for the
sap production season. As discussed in section 3.3, ideal sap production relies upon daytime
temperatures of above 0oC and nighttime temperatures around -4oC (Murphy et al., 2012).
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The final concern related to long-term climate change impacts on Southern Ontario’s
forest ecosystems were the potential shifting of forest biomes and eco-regions under various
climate scenarios. Within the interviews with industry experts, four of the six participants
identified that a primary concern in relation to forest species and future climate change was the
loss or shifting of forest ecosystems. On several occasions, reference was made to the significant
loss of white pine on the Southern Ontario landscape in the last 20 years. Due to the dominance
of maple species within Southern Ontario’s forests, inferences that sugar maple could suffer the
same loss of habitat were made in three of the interviews. Furthermore, in all six of the
interviews, industry experts identified the need to not only protect sugar maples as a species but
also the maple syrup production industry. This additional concern for continued sap production
within Southern Ontario’s sugarbushes was expressed as a significant climate change impact in
need of further research. The identified need for ongoing research on the impacts of climate
change on Southern Ontario’s forest species in general, as well as sugar maples and sap
production in particular, was suggested as not only a potential long-term concern but also a
potential adaptation strategy.
5.2.1.2 Identified Adaptation Strategies for Maple Species
Subsequent to the discussion about perceived impacts and concerns related to climate
change and Southern Ontario’s forest ecosystems, industry experts were asked to comment more
specifically on their knowledge regarding potential adaptation strategies for maple species and
the maple syrup industry. The first potential adaptation strategy expressed was related to the
attainment of better baseline knowledge regarding the tangible effects of climate change on sugar
maples. All six of the forestry specialists interviewed identified a demand for improving species
level information, particularly with respect to the sap production response of sugar maples to
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various climatic events. Four of six industry experts discussed the need to create a baseline study
of the observed long-term effects of climate change within Southern Ontario’s sugarbush
production. It was presumed that such a longitudinal study would likely be completed via the use
of production records at the farm-level. Given access to such baseline data, it was stated that
direct adaptation and sugarbush management approaches could be generated and disseminated to
producers for application within Southern Ontario’s sugarbush operations.
In addition to generating baseline research on the effects of climate change, all six
industry experts interviewed discussed the need to increase engagement with maple producers on
an individual level. Through this engagement, several adaptation strategies were identified as
needing to be provided within Southern Ontario’s maple industry. Approaches discussed
included woodlot management plans, biodiversity conservation strategies and informing
production practices for different climate scenarios prior to or during the tapping season. While
all participants felt increased knowledge acquisition and sharing regarding management
strategies could significantly improve the adaptive capacity of the industry in the future, all six
expressed lacking government support and funding as a significant barrier to doing so. Due to the
significant cutbacks to government funding in the environmental sector in the 1990’s, private
landowner stewardship has predominately fallen to the responsibility of Conservation
Authorities, who (as a government entity) also received significant cuts to funding at that time.
As stated by one industry expert “…as far as giving advice to landowners on how to properly
manage a sugarbush…I don’t have enough time to provide that service. [Before the cutbacks] the
MNR used to offer free services and advice to woodlot managers…but that’s just gone. So now
we’re lacking on any intimate landowner advice.”
The adaptation strategies identified within the interviews with industry experts described
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above predominately focused on the conservation of existing sugarbush ecosystems within
Southern Ontario. All six specialists interviewed also discussed aided migration of sugar maples
as a potential future adaptation strategy. It is likely that these responses arose within the
interviews due to the preliminary information regarding the primary research topic of this project
given prior to the interviews.As a result, industry expert opinions of facilitated migration will be
discussed further in section 5.2.3.
5.2.2 Seed Sourcing
The subsection of questions regarding seed sourcing began with participants being asked
to describe their current understanding of seed sourcing policy within Southern Ontario. Due to
the educational and professional background of the industry experts, all six interviewees were
able to identify the use of seed zones and mapping as the predominant policy within Southern
Ontario. As defined by one specialist “There is the provincial seed zone policy…the province is
divided into seed zones that are biogeographical units that are climate-related and the basic
dictate is that the seed should be planted in the zone from which it came.” Furthermore, three of
the six industry experts were able to describe how the seed mapping policy came about in 1991,
stating that climate modeling was utilized with 30-year data from 1960-1990 in order to generate
the seed zone boundaries. As a result of the unanimous understanding of the basic concept
behind seed sourcing policy in Southern Ontario, the majority of discussion regarding seed
zoning with industry experts was in the identification of strengths, weakness and potential
improvement strategies for such policies. These will each be discussed in turn in the subsequent
sections.
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5.2.2.1 Potential Strengths
The identification of strengths within the currently practiced system of seed sourcing
policy within Southern Ontario was the second line of inquiry contained in this subsection of
questions. The first described benefit of seed zoning was discussed by all of the six specialists
interviewed, who each assumed that the science behind the creation of seed mapping in the
1990’s was sound and thus the approach was more applicable than a random, unstructured
methodology. Based on this foundation of adequate scientific information, four of the six
industry experts believed that seed zoning practices better reflected the natural regeneration
processes of forest ecosystems. As stated in one interview “it does a better job of maintaining
local genetics and it does a better job of keeping a more natural type of breeding system within
that species. I mean if it was nature the trees would be there and they would breed with the trees
within their forest and the ones close to them…but they wouldn’t go hundreds of miles.” This
mimicking of natural breeding systems via the use of seed zoning was identified as being of
greater significance within the context of Southern Ontario, where much of the forested
landscape is highly fragmented due to the high concentration of human populations and
infrastructure.
In addition to a better replication of natural regeneration systems, another strength
identified within the use of seed zones that arose in four of the six industry expert interviews was
regarding a comparison to the alternate approach. In contrasting the controlled seed sourcing
systems currently practiced within the forestry sector of Southern Ontario, industry experts
discussed the generally unstructured approach utilized within the horticulture industry. As stated
by one specialist “…if you plant trees in the province for forestry purposes it is seen as important
to ensure the seeds have come from the same region. In commercial tree-based horticulture
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industries, trees and shrubs are propagated, or are imported from other countries based on their
potential to improve food production (e.g. commercial orchards and vineyards), and for their
ornamental and landscape value.” Due to the drastic difference in the amount of regulation
regarding the origins of tree materials between the horticulture and forestry industry, all four
industry experts that raised concerns regarding these disparities concluded that the seed zoning
approach was more protective of natural systems and biodiversity. In the opinion of one forestry
professional, seed zoning “… Forestry is safer; it’s more protective of unknown genetic material.
Whereas in horticulture, will bring a species in because it’s ornamental. They generally don’t
consider where the seeds spread, or to where the resulting spreads after trees and shrubs are
planted.” In three interviews, participants discussed how this lack of regulation within the
horticulture industry might negatively impact the maple industry. Within these three casespecific examples it was stated that the use or ornamental maple species in horticulture, such as
Norway (Acer platanoides) and Japanese (Acer palmatum) maples, might interbreed with native
sugar maples and create genetic hybrids. Though it was not known by any industry specialist as
to whether these hybrids would produce sap, it was predicted by interview participants that it
would be unlikely to produce significant benefits to the industry over the long-term.
5.2.2.2 Identified Weaknesses
Despite the identification of multiple potential benefits to the currently practiced seed
sourcing policy within Southern Ontario discussed in the previous section, the majority of
industry expert opinions were in relation to the perceived weaknesses of such a system. The first
of the potential barriers, which was acknowledged by five of the six specialists, was in relation to
the lack of regulation carried out within seed zoning policy. All five of the interview participants
that identified this lack of oversight as a potential weakness referenced the mid 1990’s
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government cutbacks as the catalyzing factor. As a result of this decreased funding it was stated
that very little compliance was evident in the current functioning of seed sourcing policy in
practice within Southern Ontario. Similar to the opinions of producers, industry experts
suggested a lack of concern within the private sector regarding seed collection and distribution
utilizing seed mapping practices. It was conclude that this lack of management and control was
likely resulting in the misuse of the system as a whole. For instance, four of the six experts
interviewed identified the need to reevaluate seed collection within the current context of seed
mapping policy based on the varied and unique ecosystems within each seed zone, such as
wetlands, areas of higher elevation or regions prone to drought. Each of these four participants
indicated that given the current policy context, seed collectors were more likely to bulk collect
seed provenances from the same regions on an annual basis. Additionally, three specialists
discussed the need to collect seed around the borders of the seed zones in order to ensure that
potential movement and breeding between zones was being incorporated into the landscape. The
lack of oversight as to where seed collection was taking place within Southern Ontario’s seed
zones was described as having the potential to significantly impact the genetic diversity of the
region’s forests in the future. As stated by one forestry professional “…seed collectors of trees
and shrubs should avoid taking seeds from the same tree year after year….we need to diversify
genetic material from within each zone. There are areas within each seed zone that are unique
and each area has to be represented in new tree planting projects.”
Following the identification of a lack of oversight in the current application of seed
zoning policy within Southern Ontario, three of six industry experts discussed the potential for
seed zoning practices to be entirely outdated. Within this discussion of potential irrelevance, it
was indicated on two occasions that the original seed zoning data had been created based on
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information for a select number of forest species. Broader ecological factors such as soil type, as
well as species-specific breeding and migration characteristics, were not included in the original
generation of seed zone maps. As a result of the very limited data that went into the creation of
this policy, it was concluded by three specialists that the use of seed zones does not adequately
reflect natural ecosystem processes. All three participants who called into question seed mapping
policy identified it as a significant barrier to natural genetic processes, implying that the majority
of forest ecosystems within Southern Ontario have been anthropologically altered to some
extent. In the opinion of one interviewee “…the operating assumption going forward is that the
existing seed zones won’t really matter much in the future. The entire concept of seed zones is
questionable in a scenario of constant change, so the fact that we have those practices here could
be a significant barrier to resiliency in the future.”
While not all industry experts agreed that the current use of seed mapping and zones
within Southern Ontario was inadequate in its entirety, all interviewees suggested the potential
weaknesses that may arise within such a system in the face of climate change. All six specialists
identified a need to reevaluate such restrictive seed sourcing practices due to the large potential
for climate change to shift entire ecosystems into different regions. As stated by one industry
professional “…it took a long time to develop and implement the [seed zone] policy and then as
soon as the ink dried on it, climate change came and turned it on its head. I think there is a
recognition now that somehow we have to figure out a different method, but figuring out what
that method is…it’s challenging.” The discussion of potential improvement strategies for seed
zone policy in relation to climate change impacts concluded the discussion of seed sourcing
within industry expert interviews and will be described in the subsequent section.
5.2.2.3 Strategies for Improvement
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The first and most obvious strategy for improving the current seed zone policies and
practice within Southern Ontario identified within the interviews was the recreation of the seed
zones using varied climate-modeling scenarios. Since the original seed zones were developed
using modeling technologies based on static climate conditions, four of six industry experts
interviewed discussed the potential to update Southern Ontario seed mapping using future
projections for temperature and precipitation patterns. However, each of the industry experts that
expressed a need to reevaluate the seed zones under climate scenarios indicated that funding and
uncertain modeling information undermines the potential effectiveness and application of such
an approach. Furthermore, given the dynamic nature of the climate and projected changes, it was
noted in all four interviews that a shift away from seed zoning all together could hypothetically
provide a better approach for adapting to continuous, long-term climatic changes.
An alternate approach to the use of seed zones that was raised by two participants within
the interviews was in relation to improving collection methodologies of seed source collection
data. It was recommended that a requirement to track exact GPS (Global Positioning System)
coordinates of any seed collected, as opposed to the generalized seed zone regions, would be
more beneficial to the long-term study of the climate change impacts on individual species and
forests in Southern Ontario. It was noted that a significant barrier to applying such strategies
would be educating seed collectors on GPS tracking and ensuring compliance. Both of the
participants that raised this alternative approach stated they believed this would be more
beneficial in ensuring the continued biodiversity and ecological functioning of Southern
Ontario’s forest ecosystems under future climate scenarios. As stated by one specialist “…if you
can only plant certain seeds in certain zones, then you end up with these independent colonies of
these closely related species and they’re going to be more susceptible to adverse changes in
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climate.” Within this suggested improvement strategy it was also noted that a greater effort
should be placed on not only tracking precise seed source coordinates, but also archiving seeds
from various ecosystems across the province into seed banks. In utilizing such practices, it was
concluded that the archived seeds could be retrieved and replanted within areas suited to their
climate preferences following any major climatic changes that may arise in the future. Using the
study specific example of sugar maples, one specialist inferred that the Ontario Maple Syrup
Producers Association members could be an ideal candidate to begin the process of tracking and
archiving local stock from their sugarbush in order to increase the adaptability and future
viability of the industry. However, due to the genetic traits of sugar maples, the long-term
storage of seeds is not possible. Thus, a more proactive approach to preserving the current
genetic stock of sugar maples within Southern Ontario, such as facilitated migration, is necessary
for the species.
5.2.3 Facilitated Migration
To conclude the interviews with industry experts, the final topic of discussion was related
to facilitated migration. As stated previously in section 5.2.1.2, all six specialists referred to the
term facilitated migration prior to the planned discussion of the topic within the interview guide.
Due to the inherent familiarity of industry professionals with the concept of facilitated migration,
participants were first asked to define their current interpretation of the term. While all six were
able to provide a general description of the most commonly understood approach to facilitated
migration, specifically the range expansion of a species, only two were able to identify the
existence of three potential implementation approaches. The three approaches, as described by
one industry professional, are as follows:
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…within a species range there is the idea of migrating material within a local zone, to
perhaps bulk up what may be a degrading genetic material at a site. Then there is the idea
of bringing other sources, for example from a southerly or westerly location into the area.
In such case you’re dealing with a species still in its natural climate range. Finally, you
can start to move a species beyond its range.
Despite the fact that only two of six experts identified an understanding of the multiple
methodologies to implementing facilitated migration strategies, all six interviewees discussed the
rationale behind such approaches. Each expert defined the process of facilitated migration as a
proactive climate change adaptation strategy in which a species is relocated to another region in
the hopes that the future climate will be better suited for their survival.
Following a description of their current interpretation of the term facilitated migration,
industry experts were asked a series of questions on the perceived strengths, weaknesses and
policy contexts relating to such approaches both in the context of Southern Ontario and in
reference to sugar maples in particular. Due to the significant degree of background knowledge
in facilitated migration, industry experts were able to describe numerous strengths and
weaknesses, as well as potential implementation strategies for future sugar maple facilitated
migration projects. Furthermore, three of the six participants interviewed have direct experience
working within a facilitated migration trial for a deciduous tree species within Southern Ontario.
Subsequently, the learned experiences from the trial, as discussed in the interviews, will be used
to further inform each of the three topics discussed in the succeeding sections.
5.2.3.1 Potential Barriers
Based on the previous topic of discussion, the first potential barrier to implementing
facilitated migration projects identified by industry experts were related to seed zoning policies
within Southern Ontario. Weaknesses discussed by all six interviewees included the current lack
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of adequate stocking of deciduous tree species in general and sugar maples in particular. It was
stated on several occasions within the interviews that due to the current focus of afforestation
projects on coniferous species, which generally require less maintenance to establish, a lack of
source stock would likely impede the implementation of a sugar maple facilitated migration
project. This high utilization and resultant demand for coniferous seeds and sapling materials
was identified as being attributable to the faster growth rate and lesser requirements for
maintenance of such species. Furthermore, three of six industry professionals indicated that the
use of seed zone policy within Southern Ontario could act as a potential barrier to the transport
of plant stocks to different seed zones. The other three individuals, that had all worked on an
Ontario based facilitated migration trial for a Canadian deciduous tree species, affirmed that they
had no issues in obtaining stock from a more southerly seed zone. Within the trial though, there
were issues relating to the transport of stock from the United States into Canada, as they were for
forestry and not horticultural purposes. These 3 specialists identified border crossings as a
potential barrier for future facilitated migration projects stemming from the underlying policy
context of seed zoning within Southern Ontario.
In addition to the hypothetical barriers to facilitated migration projects given the current
seed sourcing policy within Southern Ontario, industry experts expressed two other predominant
areas of concerns. The first of these supplementary considerations, discussed by all six
participants, was in relation to the long-term nature of facilitated migration projects. One
identified issue related to the longevity of facilitated migration projects was the current lack of
policy support, funding and forestry initiatives within Southern Ontario as a result of the mid
1990’s provincial cutbacks. It was indicated that this lack of leadership not only prevents the
implementation of facilitated migration projects, but also any significant efforts for afforestation
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or conservation. As stated by one interviewee: “when I hear people talk about assisted migration
I love that they’re talking about tree planting…but many people still do tree planting pretty
badly. We don’t give it the respect it needs as a complex operation. It’s hard to do so
successfully, especially when it is so poorly funded.” Within four interviews, it was suggested
that the issue of insufficient policy support and funding was further compounded by the fact that
facilitated migration projects require significant amounts of long-term monitoring and
maintenance in order to ensure success. In reference to their participation in maintaining a trial
site for the Ontario facilitated migration trial for a deciduous species, one participant described
their experience with the initial phases of an assisted migration planting as demanding “…a lot
of commitment and monitoring. You can’t just plant trees and come back in 10 years and expect
them to be fine. We lost most of our Tennessee stock the first year and had to replant. There are a
lot of challenges and it needs a lot of support, time and money.” Lastly, the final barrier related
to the inherent longevity of facilitated migration projects was the underlying context of
landownership in Southern Ontario. Since the majority of land within Southern Ontario is
privately owned, the issue of site selection and potential selling of land in the future arose in
three of the interviews. This was explained to be of particular significance within the context of
sugar maples as a potential candidate species. As described by one industry expert, facilitated
migration projects for maple would likely occur “…on private lands. There are some big
challenges with private land ownership and the socioeconomic pressures of a large population.
For example we could put in a lot of effort and then 10 years down the road new owners come in
and cut it all down to grow corn.”
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5.2.3.2 Perceived Strengths
Despite the identification of numerous potential barriers to implementing facilitated
migration projects, five of six industry experts indicated that the perceived strengths of such
approaches would likely compensate for any apparent drawbacks. The first advantage to utilizing
facilitated migration approaches was in relation to the precautionary principle, which was
mentioned outright in four of the six interviews. Defined in ecology as the taking of actions to
prevent or minimize future environmental harms, even in the absence of adequate scientific data,
all 6 industry experts concluded that it is better to engage in some form of adaptive management
than none at all (Schlaepfer et al., 2009). Due to the current gaps in knowledge regarding
facilitated migration in practice, the implementation of such strategies were discussed within the
interviews as an application of the precautionary principle. As described by one expert, while
recounting his decision to become involved with the Ontario based facilitated migration trial,
“…the big thing for me in participating in the facilitated migration project is that it will help in
the future. It’s a long-term thing and they’re going to have to collect data on this for years and
years…but for a change it’s being proactive as opposed to reactive all the time.” One potential
future advantage of implementing facilitated migration projects in a preemptive manner
identified by three interviewees was the utilization of test sites for future seed stocking. For
instance, it was expressed within the interviews that one objective of the Ontario deciduous tree
species trial (if it is successful) is to use the southerly sourced stocks as parent plants to provide
provenances for future reforestation efforts. Assuming the climate changes as predicted, this
would ensure “there is enough genetic diversity in the young stock to adapt to the newly evolved
climate.”
Apart from the potential for facilitated migration to act as a precautionary approach to
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adaptive forestry management within Southern Ontario, industry experts indicated that facilitated
migration projects could arguably act as a catalyst to reestablishing forestry programs. The three
participants indicated that it is often the case in the environmental sector that bottom-up projects
influence decision-making and policy at higher levels of government. Within the case of the
Ontario deciduous tree species facilitated migration trial for instance, it was discussed that the
original decision to undertake the project was made by a Conservation Authority and the Eastern
Ontario Model Forest Association. As a result, it was speculated that if enough trial projects
were to arise at the grassroots level, it would force government action to reestablish the
previously lost policy and funding support for forestry programs in Southern Ontario. Even if
this were not the case, and the government remained uninvolved with forestry management, the
implementation of facilitated migration projects was identified by all six industry experts as a
way to ensure the longevity of Southern Ontario’s forest ecosystems in the future. As stated by
one specialist “...within the Southern Ontario landscape you can see potential problems
already…with significant areas that aren’t forested and a lot of fragmentation. Our forests are in
trouble. We have a lot to learn but we do know enough to apply some adaptive management
strategies to prevent further losses.”
5.2.3.3 Implementation Strategies for Southern Ontario’s Sugarbush Industry
To conclude the discussion of facilitated migration with industry experts, participants
were asked to describe their opinions as to what they perceive to be ideal implementation
strategies for ensuring the success of a future sugar maple migration project within Southern
Ontario. Prior to describing potential approaches and factors to consider, all six participants
indicated a need to fill current gaps in knowledge relating to such approaches. Further
information to be acquired prior to the implementation of a facilitated migration project for
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Southern Ontario’s sugar maple ecosystems included species-specific knowledge related to ideal
growth and production conditions, such as soil nutrients and micro-fauna, role of companion
species and resilience to weather events. Moreover, five of six industry experts discussed a need
to obtain a better knowledge base regarding the observed impacts on Southern Ontario’s sugar
maple ecosystems and phenotypic plasticity of sugar maples to ensure genetic adaptations to
climatic shifts are not naturally occurring. While the acquisition of this supplementary
knowledge was identified as an ideal prerequisite to implementing a sugar maple facilitated
migration project within Southern Ontario, all six participants acknowledged that given the
novelty of facilitated migration research, it is unlikely that this information will be obtained in
the near future. Despite the implausibility in the procurement of adequate research, all six
specialists offered suggestions regarding the perceived best implementation approaches for a
potential Southern Ontario sugar maple facilitated migration project.
The discussion of potential implementation strategies for facilitated migration projects
within Southern Ontario’s sugar maple ecosystems began with the explanation of the various
approaches to facilitated migration as described in section 3.4.2. Based on this information, all
six industry experts concluded that the most applicable methodology for sugar maples in
Southern Ontario would be assisted population migration. However, unlike the current
interpretation of such an approach within the literature, which predominantly relates to the southto-northward movement of provenances, it was suggested by industry experts that provenance
movement practices should occur in all directions. In such a circumstance, maple sourced from
across Ontario as well as the United States, Quebec and New Brunswick would, wherever
applicable, be planted in trial sites north, east, west and south of their current habitat in order to
evaluate which sources succeed in each replanting site. It was indicated by four of the six
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interview participants that implementing rigorous data collection methods regarding the exact
GPS location for provenances utilized in such an approach would be integral in ensuring accurate
monitoring records and potential repeatability. In addition to population migration approaches,
three interview participants expressed that assisted range expansion would also be beneficial for
sugar maples. As stated by one industry professional “[we need] a combination of taking maples
from the south and bringing them up into central and eastern Ontario and seeing how they
succeed as well as taking the maple from here and pushing it farther north out of range or
towards the northwest.” It is interesting to note that each of the six industry specialists referred to
these potential implementation strategies as trial plots or test sites. When asked to make
recommendation for future large-scale sugar maple migration projects, all six interviewees
indicated that they could not provide such recommendations without the completion of a pilot
study.
Following the discussion of potential methodologies for a sugar maple facilitated
migration project in Southern Ontario, industry experts were asked to describe how the identified
approaches could be carried out. All but one of the specialists identified the importance of site
selection and planting procedures for ensuring the success of such projects. Due to the currently
understood species-specific growth characteristics for sugar maple, it was suggested that any
facilitated migration project for the species be carried out as a co-planting scenario. In such an
instance, species commonly found within a sugar maple forest would be co-planted within the
facilitated migration trial site for sugar maples, in order to mimic the natural ecosystem of the
species. Since sugar maples are not known to thrive in open field situations with excessive
exposure to sunlight, wind or precipitation, as well as the understood growth characteristic of
sugar maples as a succession species, this was identified as the most applicable approach. These
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species-specific characteristics were thought to negate the potential for propagating maples in a
traditional open-field reforestation or orchard situation. As stated by one interviewee “I wouldn’t
want to see a lot of effort in planting maples in open fields as single-species, mono-crop projects.
It would be better to include the broader species that also occur in a natural sugar bush. These
are the co-species of trees and shrubs that the sugar maple ecosystem has evolved with. Then
trial-plant the whole diverse ecosystem, which makes it much more complicated, yet more
healthy and realistic with nature.” This described approach to planting methodology in turn
generated discussion regarding potential replanting site selection. Given the context of private
landownership within Southern Ontario, it was concluded by all six interview participants that
the use of some private lands for out-planting would likely be unavoidable. In four instances,
industry experts stated that they believed such an approach would be more beneficial due to the
perceived relationship of sugarbush operators in maintaining woodlot health. As a result, it was
determined by four participants that site selection should be carried out based on the health of the
existing woodlot.
The final theme of discussion within the industry professional interviews concerning their
opinions of potential implementation approaches for a sugar maple facilitated migration project
was in regards to the involvement of potential stakeholders. Each of the six experts identified the
need to engage in ongoing collaboration between multiple stakeholders as a crucial factor in
ensuring the long-term success of such projects. Furthermore, the need to create long-term
transferability of facilitated migration trial sites, regardless of the potential for private
landownership sales and the inevitable shifting of political affiliations, was discussed by five of
six experts interviewed. Stakeholders identified as necessary participants in such a project
included: producers, landowners, Ontario Maple Syrup Producers Association, government
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agencies, Conservation Authorities, Universities, non-profit environmental organizations and the
private sector. Within the identification of potential stakeholders, assorted roles and levels of
involvement for various groups were discussed. For instance, it was concluded by four industry
experts that while government involvement could be beneficial at all stages, the only required
involvement would be in the generation of a policy framework and financial support. It was
concluded that the most likely circumstance for carrying out on-the-ground implementation
strategies would be undertaken by Conservation Authorities and landowners. In regards to the
generation of strategic approaches to implementation and the subsequent collection of
monitoring data, three of six interviewees indicated the utilization of long-term research abilities
within post-secondary institutions. As stated by one industry professional “One of the
misperceptions is that it’s always the government’s responsibility to take these types of projects
on, but in the current state of the government maybe they aren’t the most suited entity to carry
this out. I think a better option is a combination of non-profits, CA’s, universities, colleges and a
role for government for some policy and funding support.”

6.0 Discussion
The previous sections utilized directed content analysis in order to describe the current
opinions of two distinct stakeholder groups with acknowledged interest in the implementation of
a future Southern Ontario sugar maple facilitated migration project (Hsieh & Shannon, 2005).
Based on the results of both the primary (literature review) and secondary data (interview
results), the following section will synthesize and analyze the findings in order to recommend
best practices for facilitated migration as an approach to adapting to climate change in sugar
maple ecosystems. The results have been divided into two categories. The themes for discussion
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in the subsequent sections include: filling case-specific gaps in knowledge, generating support
and overcoming potential barriers and finally, recommended implementation strategies.

6.1 Identifying and Addressing Case-Specific Gaps in Knowledge
The novelty of facilitated migration as a potential long-term climate change adaptation
approach for tree species led to the identification of significant gaps in knowledge both within
the current body of scholarly literature on facilitated migration and the qualitative data results of
this research project. As stated in a 2011 article “Assisted migration is an emerging concept with
many unknowns. To move forward on this issue requires the best scientific knowledge…[and] an
informed and open discussion among all potentially affected parties” (Ste-Marie et al., p.729). It
was concluded within the literature review that significant case-specific knowledge is needed in
the development of individualized, species-specific facilitated migration projects (Fontaine,
2014; Hayashi, 2011; Schwartz et al., 2012). As a result of this conclusion, one purpose of the
research was to generate a preliminary open discussion among potential stakeholders regarding
the implementation of a Southern Ontario sugar maple facilitated migration project. The
interview data discussed within the previous section for the basis of the suggested
recommendations for improving any identified case-specific areas of misunderstanding and
increase the potential success of future sugar maple assisted migration projects.
It has been stated that the overall success of environmental projects is most often
determined by the level of stakeholder understanding and acceptance of the underlying
motivating and influencing factors, as well as general consensus on the desired outcome(s) of the
project (Schwartz et al, 2012). Within the interview findings of this project, there arose two
distinctive and identifiable areas of knowledge requiring further dissemination of information to
stakeholders. The two main focus areas of research requiring improved information for
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stakeholders prior to the implementation of a sugar maple facilitated migration project for
Southern Ontario included the motivating dynamics of climate change impacts and the desired
outcomes of the project. Each of these themes will be discussed in turn in the subsequent
sections.
6.1.1 Motivations of Climate Change
“As far as climate change…I sit here and they’re still producing syrup in Ohio. The
reports I get they’re doing pretty good and Vermont is expanding operations in a big way. So
long-term climate change I don’t have concerns with that.” While it can be concluded that there
is now a widespread consensus amongst environmental specialists regarding the reality of
impeding climate change and its impacts on forest ecosystem, as identified in both the literature
review (section 3.2) and the interviews with forestry professionals (5.2.1), the above quotation
indicates that some maple syrup producers remain uncertain regarding the potential impacts of
climate change on their operations. Within the research findings, while all producers interviewed
believe climate change was occurring, over 70% did not foresee any impacts to their production
operation or business over the short or long-term. As stated by one sugarbush operators
“….maple producers are generally more concerned about income...climate change isn’t on the
radar for a lot of them and a lot just don’t see it having an effect on their business.” It was
evident within the findings that the basis of these uncertainties was generally a result of the lived
experiences of producers. As stated in section 5.1.2, only two of the nine producers interviewed
had noticed a decline in production output over the past 5-10 years. This indicates that while
producers agree that climate change is occurring on a greater scale, the impacts are not
necessarily being realized yet at the farm level in Southern Ontario. If, and until, these impacts
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become more tangible, the long-term threat of climate change may not be enough to secure
support for a proposed facilitated migration project.
Research indicates that without the presence and general agreement regarding the
motivating factors and incentives for implementing adaptive environmental management
strategies, the likelihood of success for such projects decreases significantly (Schwartz et al.,
2012). As a result of the findings of the producer interviews, it could be the case that framing a
facilitated migration project with the underlying motivation of climate change is arguably not the
best strategy. While producers have not directly felt the impacts of climate change as of yet,
interview findings indicate that all nine of the producers are willing to engage in the conservation
and preservation of sugar maple ecosystems. These results, along with the underlying context of
a heavily fragmented landscape in Southern Ontario, suggests that framing a future facilitated
migration project with the underlying motivation of biodiversity preservation and/or forest
conservation may provide a more appropriate strategy. This approach could in turn be utilized as
an application of no-regrets climate change adaptation, whereby active stakeholder engagement
results in the initial benefit of active sugarbush management, while providing climate change
adaptation in the future.
6.1.2 Desired Project Outcomes
A significant gap in knowledge, found in both the current body of literature and interview
based stakeholder opinions of facilitated migration, was in the identification of the diverse
desired goals or outcomes for which a facilitated migration project may be implemented. In the
majority of the existing academic research, the objective for facilitated migration projects is
simply the conservation of native tree species (Schwartz et al, 2012; Ste-Marie et al., 2011).
However, the facilitated migration trial currently occurring within Ontario for a deciduous tree
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species, as discussed within the industry expert interviews, presented the need to consider
multiple potential goals for future facilitated migration projects within Southern Ontario’s
sugarbush industry. Prospective desired project outcomes for consideration within the case of
sugar maples included: the general preservation of the species, monitoring or research, future
seed stocking or archiving and finally, the preservation of maple syrup production.
As a result of the significant role of maple syrup as a socio-economic and socio-cultural
commodity in Ontario (as described in the literature review), it is likely that the preservation of
sugarbush production would be one identified objective of a facilitated migration project that has
the potential to resonate with stakeholders. However, the complex nature of facilitated migration
strategies limits the ability to ensure the success of such goals. As stated by one industry expert
within the interview process “…you could engage producers in a project with the hopes of
improving their production, only to discover 40 years down the road when those trees are
tappable that it is a less desirable product.” As a result, there is a fundamental need to create
agreement on the desired outcomes by all stakeholders prior to the implementation of a
successful facilitated migration project for sugar maples in the future (Chase, Schusler & Decker,
2000). Ideally, all stakeholders should be involved in the selection of these desired outcomes,
while ensuring they remain attainable and realistic, in order to avoid discrepancies between
stakeholder expectations and achievable project goals (Chase et al., 2000). As stated by one
industry expert “your overall objective determines how you plan for and carry out a facilitated
migration project.” Consequently, there is a need to engage in further research as to which
project outcomes would be attainable, as well as desired by stakeholders, for the implementation
of a sugar maple facilitated migration project for Southern Ontario in the future.
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6.2 Recommendations for Strategic Implementation of Facilitated Migration in
Southern Ontario’s Sugar Maple Ecosystems
Bearing in mind the discussion in the previous section, to achieve the third objective of
this research project, this section analyzes and describes what is understood to be potentially
effective approaches to implementing facilitated migration as a climate change adaptation
strategy in Southern Ontario’s sugar maple ecosystems. Recommendations within this section
have been identified through a preliminary analysis of the current literature, as well as the
research findings detailed in section 5.0. Similar to the categorization of information within the
literature review, the following section is broken down to describe the various areas of
consideration for the implementation of facilitated migration projects. Areas of discussion within
this section include: generating project support, reducing limiting factors, implementation
methodology and approach, site selection, seed provenance and dispersal and finally, timeframe
and monitoring (Chauvenet et al., 2013). It should be noted that the proposed strategies are being
made utilizing qualitative findings of a small subsample of potential stakeholders as well as what
is understood as the most current and pertinent academic research on the subject area. Further
research regarding case-specific contexts is still necessary (as suggested in section 6.1) and
should new information become available on this research subject, a reevaluation of the
presented recommendations will be necessary at that time.
6.2.1 Generating Support and Overcoming Barriers
In order to successfully analyze the potential implementation of facilitated migration as a
climate change adaptation strategy within Southern Ontario’s sugar maple ecosystems, a
discussion regarding the potential barriers to enacting such approaches must be addressed.
Potential impediments to the success of the proposed facilitated migration project to be
addressed prior to strategic implementation include: the generation of funding and supporting
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legislation, as well as the underling socio-political and socio-cultural context within such
projects (Pedlar et al., 2011). The following section seeks to describe a few approaches to
overcoming such barriers.
6.2.1.1 Reevaluating Seed Provenance Policy
Within the context of Southern Ontario, one of the potential case-specific barriers
identified within the literature review was the use of seed zone mapping. It was suggested within
the literature that the use of seed zone regulation within Southern Ontario could, in theory,
prevent the transport of seed provenances from one zone (i.e. a more southerly location) to
another. Following an analysis of interview results however, it may be concluded that while there
are improvements to be made within the underlying policy context, the previously stated
concerns would not likely impede the acceptance or implementation of a facilitated migration
project in Southern Ontario. For instance, within the interviews carried out with sugarbush
operators, knowledge regarding the use of seed zones within Southern Ontario was very limited.
This suggests that there is a potential need to reevaluate the ways in which seed zone policy
information is being disseminated to landowners within Southern Ontario. The apparent lack of
knowledge of seed zone legislation within Southern Ontario was confirmed in the industry expert
interviews, within which it was indicated that though the regulation exists, the general consensus
was that “you can buy seedlings of known seed source from some nurseries. They can advise you
on what zone to use it in, but there is very little enforcement or monitoring.” While this
identified context for the application of seed zone policy in practice within Southern Ontario
suggests a need to inform stakeholders of a facilitated migration project prior to implementation
regarding the seed zone location of out-planting sites, it is likely that the transferring of seed
provenances from one zone to another for the purpose of such projects would not be a significant
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barrier. Furthermore, the discussed lack of enforcement of seed policy within the industry expert
interviews could also act as a potential barrier in attaining an adequate and informed supply of
sugar maple provenances.
In order to ensure the repeatability of a sugar maple facilitated migration project in the
future, which is especially important should it be successful, precise data on the collection
location of each provenance is necessary (Government of British Columbia, 2015). Within the
current seed sourcing policy for Southern Ontario, bulk collection of seed from the designated
zones is a common occurrence (Colombo et al., 2008). As a result, the only available information
of seed source location is the general, and often large, geographical area from which the seed
was collected (Colombo et al., 2008). In order to successfully implement a sugar maple
facilitated migration project within Southern Ontario, more accurate provenance data is required.
Consequently, it is the recommendation of this research that a reevaluation of seed provenance
strategies and oversight be undertaken at the provincial level. Regardless of the change of
provincial policy, for the purposes of a facilitated migration project, a potentially superior
approach to current practices would be the requirement for GPS (Global Positioning System)
coordinate tracking of all seed material (Colombo et al., 2008). Using this approach, the exact
longitude and latitude of provenances collected within each seed zone could be obtained and
recorded (Colombo et al., 2008). This approach would also require the cooperation of seed
collectors within the region however, in the case of sugar maples could be applied by producers
whom source saplings from within their current operations. Further research is necessary for
determining the applicability and credibility of this suggested approach within the context of a
Southern Ontario sugar maple facilitated migration trial.
Another potential barrier identified is the transfer of southerly sourced sugar maple
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provenances across the U.S.-Canada border (Zach et al., 2012). The potential complications
regarding the international transport of seed materials were originally described in the literature
review. The presence of these difficulties in practice was then supported in the interview data.
While discussing the facilitated migration trial for a deciduous tree species in Ontario, each of
the 3 participants involved with the trial indicated that the predominant source of difficulty was
on the Canadian side of the border. As a result of these experienced difficulties, it is proposed in
this research that efforts be made to simplify or streamline the process for the cross-border
transport of seed material intended for use in facilitated migration projects. One suggestion for
simplifying the transport of facilitated migration plant material across borders is the utilization of
a facilitated migration project certification for such materials. It was recommended that such a
certification process could apply the same oversight standards as those used in the horticulture
industry, whereby plant materials designated for such purposes (i.e. ornamental or agriculture)
are generally granted entrance without hassle given that the proper evidence is provided for the
intended use (CFIA, 2015). Further research is necessary to determine the best approaches for
revising the current policy in order to streamline the transport of plant materials intended for use
in facilitated migration projects.
6.2.2.2 Acquiring Project Funding
An often unconsidered preliminary factor for the implementation of facilitated migration
projects is in relation to the generation of funding and financial support for such projects (Loss,
Twerlinger & Peterson, 2010). Due to the predominately speculative nature of the current body
of research on such approaches for tree species, the issue of financing facilitated migration
projects did not arise for consideration within the literature review (Loss et al., 2010). Yet, all 15
interview participants identified the need for substantial financial support in order to carry out a
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facilitated migration project for sugar maples in Southern Ontario, though a consensus on where
such funding should be sourced was not reached. Within the current literature on the facilitated
migration of animal species, it has been speculated that having a species-focused group, whereby
members can donate funds directly to the project, may be more applicable than the generation of
funds by government or non-governmental organization (Hunter, 2007). This is largely due to
the fact that the comprehensive mandates for both government agencies and environmental
NGO’s may create a sense of favoritism if emphasis is placed on one species (Hunter, 2007).
Further compounding the issue within the context of government funding is the fact that the
predominant source of monies would be the utilization of tax dollars (Hunter, 2007). This may in
turn create distrust in government spending and as a result, disapproval of the intended facilitated
migration project as a whole (Hunter, 2007).
As suggested in section 6.1, the underlying motivation and desired result of a facilitated
migration project play an integral role in determining how such ventures are carried out. Due to
the suggested approach for utilizing biodiversity preservation and/or forestry conservation as
both the cause for action and potential outcome for a sugar maple facilitated migration project
within Southern Ontario, the application of the recommended funding attainment approach
within the animal migration literature may provide the most applicable strategy (Hunter, 2007).
Such a project could be framed as the preservation of sugar maple ecosystems as a whole
(including companion species of flora and fauna), while emphasizing the socio-cultural and
socio-economic importance of sugar maples in particular to Canadian culture (Murphy et al.,
2012). Furthermore, the diverse international market for Canadian maple products could be
utilized to generate additional support for the implementation of a facilitated migration project.
Donations would be made to fund the ecosystem based yet species-specific assisted colonization
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project in Southern Ontario in order to ensure the longevity of sugar maple and the sugarbush
industry in the future. One novel and increasingly common way to attain such donations is
through the utilization of online crowd-funding programs, whereby donations are made via the
Internet from project supporters around the world (Gerber et al., 2012). Further supporting the
applicability of a species-focused funding campaign is the current state of policy support on
forestry conservation and regulation in Ontario (MNR, 2011). As stated in all 6 of the industry
expert interviews, significant and ongoing budgetary cutbacks beginning in the mid 1990’s have
resulted in a drastic decline of government-led forestry conservation projects in Southern
Ontario. The majority of responsibility for forestry management, conservation and protection
now rests under the jurisdiction of Conservation Authorities (as discussed in section 3.2.2), most
of which have also experienced significant budget cuts in the last 10 years (MNR, 2015). Given
the current socio-political context and evident lack of funding within the two predominant
oversight bodies for forestry management in Southern Ontario, it can be concluded that the
alternative species and ecosystem focused funding campaign could be more beneficial in
ensuring the success of a sugar maple facilitated migration project. However, if a facilitated
migration project for Southern Ontario’s sugar maples is to be implemented in the future,
questions regarding how the import of sugar maple provenances from outside of Canada may
undermine the emphasis of funding for the preservation of Canadian sugarbush culture. For
instance, it could be the case that utilizing such approaches could result in a lack of support due
to the use of “non-Canadian” seed sources. Further research is necessary for determining the
ideal approach for acquiring funding within a Southern Ontario sugar maple facilitated migration
project.
6.2.2 Suggested Implementation Strategies
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The following section will seek to provide a summary of recommended approaches for
carrying out a sugar maple facilitated migration project based on the current state of academic
literature and research findings. As all interview participants agreed that sugar maples could
make an ideal candidate for facilitated migration approaches, implementation factors to be
considered and described within this section include project goals, methodological approach, site
selection, seed sourcing and dispersal and finally, project time frame and monitoring (McLachlan
et al., 2007). In order to evaluate how the previously suggested implementation strategies within
the literature align or misalign with the finalized recommendations, the subsequent suggestions
will, wherever possible, be compared and contrasted to the literature-based approaches described
in section 3.7.
6.2.2.1 Proposed Project Scope
As mentioned in section 6.1.2, the identification of the potential for a diverse number of
desired outcomes for facilitated migration projects related to sugar maples as a species was
predominately unstated in the current literature. As a result, recommendations’ regarding
preferred project goals were not discussed in the literature review or qualitative analysis and
requires further research. However, the identification of a project scope is necessary for
informing the implementation approaches of facilitated migration projects (Chase et al., 2000).
Thus, based on the findings of the qualitative data analysis, it is the recommendation of this
research that given the current state of knowledge and social acceptance regarding facilitated
migration as a climate change adaptation approach, the most applicable and attainable scope for
such a project in the context of Southern Ontario’s sugar maples would be the undertaking of a
pilot study (FGCA, 2015). While there is little data to suggest the ideal timeframe for such a
trial, research findings from the Ontario deciduous species trial project suggest a minimum
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duration of 10 years. The utilization of a purposeful trial could be beneficial in numerous ways,
such as in the reduction of geographical extent and resultant level of funds needed for
completing the project (FGCA, 2015). The pilot project could be ideal in the generation of
accurate case-specific data and research on the applicability of facilitated migration for sugar
maples as a species, as well as ecosystems as a whole, which could in turn allow for successful
replication of such approaches on a larger scale in the future (FGCA, 2015). The sugar maple
facilitated migration test sites could also be used in the future to provide easy access to
southerly-adapted seed provenances for any additional sugar maple migration projects that may
arise following project completion, though it is likely that these sources would reflect a genetic
mix of all provenances planted within a test site (FGCA, 2015). Finally, while the preservation of
the maple production industry is important (as well as the general preservation of the species on
the landscape), a lack of understanding as to the effects of facilitated migration on sugarbush
production requires that increased knowledge be attained. A smaller-scale facilitated migration
pilot study could provide the necessary production information in the future, including the effects
of migration on sap output and quality (FGCA, 2015).
In addition to the potential benefits of undertaking an initial pilot project in creating
attainable and desirable outcomes for the future of sugar maple ecosystems and the sugarbush
industry, the utilization of a preliminary trial may also be the most desirable approach given the
current policy framework in Southern Ontario. As mentioned previously, there exists a
significant lack of policy implementation within Southern Ontario structured towards forestry
conservation in general and climate change adaptation in particular (Maesham et al., 2011).
Thus, it is suggested that the implementation of a facilitated migration pilot project for sugar
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maple in Southern Ontario could contribute to improving biodiversity protection and forestry
conservation within the region.
6.2.2.2 Suggested Methodological Approach
Given the suggested scope of an initial sugar maple facilitated migration project in
Southern Ontario as pilot study, the suggested methodological approaches for carrying out the
project necessitates careful consideration. There are currently three understood methods to
implementing facilitated migration projects for tree species: assisted population migration,
assisted range expansion and assisted long-distance migration (Hewitt et al., 2011; Johnson et al.,
2009; McLachlan, et al., 2007). Due to the inherent risks and high potential for failure within the
long-distance migration approach, as well as the lack of data to support the imminent extinction
of sugar maple in Southern Ontario, this method does not seem appropriate for this speciesspecific project (Johnson et al., 2010; Williams & Dumroese, 2013). Based on the information
presented in the literature review and analysis of stakeholder interviews, as well as the desired
outcomes of the pilot study recommended in the previous section, it is the suggestion of this
research that a combination of population migration and assisted range expansion be utilized for
the project. The application of the combined approach was identified initially within the
literature reviewand then confirmed within the stakeholder interviews (Leibing et al., 2013;
Vitasse et al, 2010). As one industry expert stated “…We need to analyze the potential for
expanding the habitat range of a species, but investing in mass plantings up north at this point
would be unwise. The winters are still severe and many southern species would suffer damage
even though they might grow well in the summer season. A first step is to conserve and restore
the genetic stock in its existing habitat. This will ensure more options for the future migration
efforts.” The rationale behind selecting this joint approach is based upon the currently
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understood climate modeling projections for sugar maple habitat as described in sections 3.4 and
3.7 as well as the interview findings (Brown et al., 2015; Colombo et al., 2007; Hobbish, 2015).
While modeling projections only provide an estimate as to the probable effects of climate
change on Southern Ontario’s sugar maple ecosystems, a no-regrets climate change adaptation
approach necessitates that action be taken to preserve this resource (Schlaepher et al., 2009;
Seigel, 2011). It was determined within the qualitative analysis that forestry experts, with
potential to be involved in a Southern Ontario sugar maple facilitated migration trial, agree that
the ongoing assessment and potential implementation of novel adaptation approaches outweighs
the risks presented by modeling uncertainties. Producers also supported the need to perpetuate
research on climate change adaptation for application within sugarbush operations. As stated by
one producer “…I think it’s just a convenient excuse. There is so much focus on what’s going to
happen and where, and for me it’s like so what? Why don’t we decide what can we do about it.
Climate change is happening, so why not try to salvage what we have left?” However, it is
important to consider that many participants interviewed were not aware of facilitated migration
as an adaptation approach prior to or during the interview process. As a result, additional
research and further dissemination of knowledge regarding facilitated migration, as well as other
potential adaptation strategies, is needed to determine if such approaches are perceived to be the
ideal utilization of the no-regrets approach for Southern Ontario’s sugar maple ecosystems
within this stakeholder group.
As discussed in section 3.6, the no-regrets approach to climate change suggests that
adaptation strategies be carried out despite potential uncertainties due to the potential for net
benefits other than climate change adaptation (Seigel, 2011). In addition to modeling
uncertainties, further reservations arise within the application of facilitated migration approaches
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in relation to the potential for the unsuccessful relocation of a species (for instance the die-off of
an entire out planted site) (Johnson et al., 2009). Yet, when discussing the facilitated migration
venture for another deciduous species in Ontario, all three project participants indicated that
though the project presented a large risk: “…the potential knowledge to be obtained far
outweighs the drawbacks. Even if it does fail, we have collected important practical data on what
not to do in the future.” Thus, even if a facilitated migration pilot project for sugar maples failed,
valuable data would still have been produced, resulting in “no-regrets” at the conclusion of the
project.
Section 3.4.2 described the understood procedure within the scholarly literature for
carrying out assisted population migration as the human aided relocation of a species within the
natural habitat range or the planting of seedlings adapted to future climates within the current
habitat range (Johnson et al., 2009; Leibing et al., 2013). Assisted range expansion was defined
to be the human-assisted movement of a species to an area neighboring the current native habitat
range (Leech et al., 2011). Based on the identified methods to implementing these facilitated
migration approaches, it is the recommendation of this research that trial plots be designed using
a diverse number of provenances from various sources across the North American habitat range
of sugar maples (i.e. Southern/Northern Ontario, the United States, New Brunswick and
Quebec). Further, given the research on the cloning of sugar maples for improved sap production
(Dale et al., 2008), it might also be interesting to assess these provenances for their resilience to
future climate conditions. Due to the combination of population migration and range expansion,
numerous out-planting sites (both within and neighboring the current habitat range) of sugar
maples in Southern Ontario would be necessary.
In order to ensure accuracy, trial plots should be designed and replicated at each out-
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planting site so that the location of each provenance within the plot may be determined in the
future for data collection and monitoring. Figure 12 depicts the planting method utilized within
the Southern Ontario deciduous tree species facilitated migration project.

Figure 12: Out-planting site layout of Ontario deciduous tree species facilitated
migration trial site.
It can be seen from this example that color-coded labeling of stock based on source
location has been utilized in order to ensure potential repeatability and accuracy of site
monitoring in the future (EOMF, 2013). It was identified within the research interviews that all 5
of the current test sites for the project were planted using provenances from the same locations.
In the case of that project, stocks were taken from Tennessee, Iowa and two areas in Southern
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Ontario and planted at each of the 5 sites. Ensuring the utilization of the same seed or sapling
stock at each out-planting site allows for the direct comparison as to which provenances did or
did not succeed in each geographical location (EOMF, 2013).
With the exception of the British Colombia AMAT project, the current literature on both
assisted population migration and assisted range expansion describes the most commonly cited
strategy as the south-to-north movement of provenances (Johnson et al., 2009; Leech et al., 2011;
Leibing et al., 2013). However, based on the findings of this research it is the recommendation
that such methods be carried out in a multi-directional approach. It was indicated within the
interview results that such an approach could compensate for any potential modeling
uncertainties and provide a more robust exploration of how facilitated migration could be applied
in the future. Thus, based on the findings of this research project, it is suggested that provenances
be sourced from a diverse number of locations throughout the current habitat range of sugar
maple to enable the study of multi-directional movement across test sites.
6.2.2.3 Recommended Site Selection Techniques
The selection of appropriate candidate species is integral to the application of facilitated
migration approaches (Hoegh-Guldberg et al., 2008). As a result of the significance of sugar
maple in regards to socio-cultural and socio-economic contributions, it was determined based on
the literature in section 3.7 that sugar maples could be an ideal candidate species for facilitated
migration efforts (Hoegh-Guldberg et al., 2008; Murphy et al., 2012; Williams & Dumroese,
2013). This conclusion was paralleled within the qualitative research findings, within which all
15 participants stated that they believed the economic and/or cultural significance of sugar
maples necessitates their consideration as a candidate species for facilitated migration projects.
However, it was also noted in both the literature review and interview data that consideration of
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species and case-specific factors significantly impact the ways in which a selected approach is to
be executed (Fontaine, 2014). Based on the combined implementation approach of population
migration and range expansion outlined in the previous section, the following section will
describe the suggested methods for carrying out the recommended approaches based on the
species characteristics of sugar maples and insights gained within the research analysis.
The first consideration for the application of the recommended facilitated migration
approaches described in the previous section is in the selecting of out-planting sites (Williams &
Dumroese, 2013). In the case of site selection for sugar maple facilitated migration trial plots in
Southern Ontario, it is recommended that out-planting site selection be based on the presence of
as many underlying characteristics ideal for sugar maple growth as possible (Hunter, 2007). For
instance, based on the current understanding of the growth preferences for sugar maple, preferred
sites would include slightly acidic sandy-loam soils, sufficient shading and windblock and the
presence of companion species (Goodman et al., 1990; MNR, 2014). Due to the underlying
context of private landownership within Southern Ontario, it is suggested that site selection for
the population migration approach utilizes sugar maple habitat on the land of existing sugarbush
operators. Within the interview data, all 9 producers maintained that they would be willing to
plant a trial site on their property for the benefit of research. Consequently, the outplanting of
sugar maple on lands already suited for sugar maple growth could substantially minimize the risk
of unsuccessful establishment. While producers indicated the need to subsidize costs of the initial
planting, over half suggested that they would be willing to engage in the maintinance and
monitoring of the site. Nevertheless, ensuring the longevity of such projects on private land
would be paramount. More research is needed to determine the best approach for ensuring that
future transfers in land ownership would not result in the loss of the facilitated migration out-
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planting site.
Site selection strategies for the proposed assisted range migration methodology are
inherently more complicated (Leech et al., 2011). This is largey due to the fact that within this
methodology, the candidate species is out-planted within areas slightly outside of their natural
habitat range (Leech et al., 2011). Within the context of a facilitated migration project for sugar
maple in Southern Ontario, it is suggested that out-planting location selection for trial plots
outside of the current sugar maple habitat range be carried out in a manner that selects sites with
the most potential for success (Leech et al., 2011). Factors to be considered include soil types
and drainage, elevation, wind protection, site orientation and projected climatic changes (Leech
et al., 2011). Due to the preliminary nature of the recommended facilitated migration project for
sugar maples in Southern Ontario, it is suggested that 10-20% of the out-planting sites be located
outside the current habitat range (i.e. assisted range expansion) and the remaining 80-90% be
spread out within the current habitat range (i.e. population migration). While there is no
indication of the exact number of sites needed to create a successful trial within the literature, it
was sugessted within the interview data that the greater the number of test sites, the greater the
potential to create a successful relocation plot and generate data on faclitated migration
approaches in practice. Based on the the experiences of the Ontario deciduous tree species
facilitated migration trial, one project member indicated that “we have the beginning of a
program to test assisted migration concepts but to pretend like 5 tiny sites across all of Southern
Ontario is doing enough is ludicrous. You need many more test sites for many more species to
get the right amount of data needed in the future.” Further research is necessary to determine the
ideal number of test citse required, though based on the structure of the AMAT trial for timber
species, 40-50 could be approproate.
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In addition to the selection of out-planting sites, the manner in which the replanting of the
site is carried out also plays a signifncant role in ensuring the successful establishment of species
at a migration site (Hunter, 2007). Due to growth characteristics of sugar maple as a succession
or understory species, it is recommended that out-planting sites be co-planted with a mix of sugar
maple and companion species in order to increase the likelihood of success. Tree species
commonly found within sugar maple forests include: Fraxinus americana (white ash), Fagus
grandifolia (American beech), Ostrya virginiana (ironwood), Picea mariana (black spruce),
Tsuga canadensis (eastern hemlock) and Pinus strobus (white pine) (Richardson, 2015).
However, due to the diverse number of species commonly found within sugar maple ecosystems,
it cannot be assumed that these species are the only, or arguably ideal, companion species for use
in a Southern Ontario facilitated migration trial for sugar maples. Further research is necessary
for determining which species would be most beneficial for use in a co-planting implementation
strategy for sugar maple facilitated migration trial plots. Moreover, utilizing the strategy of outplanting multiple companion tree species, and not the traditional single species plantations often
carried out in afforestation practices, is still largely undocumented in the current academic
research on facilitated migration. As a result, substantial supplementary research is required to
determine the applicability and practicality for implementing co-planting or ecosystem level
migrations for sugar maple ecosystems.
The use of a co-planting approach was recommended in all six of the industry
professional interviews as a strategy for mimicking the natural ecosystems conditions that a
sugar maple grows and as a result, increasing the likelihood of successful establishment. Within
the case of the Ontario deciduous tree species trial, co-species planting methods have been
utilized to increase the likelihood of successful propagation as well as an approach to forest
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biodiversity conservation. Figure 13 below depicts the utilization of co-planting techniques
within a facilitated migration trial site.

Figure 13: Example of co-planting utilized at a text site for a facilitated migration trial in
Ontario.

Further supporting the recommendation for a co-planting strategy within the selected outplanting sites for a sugar maple facilitated migration project in Southern Ontario is the potential
to improve the overall biodiversity on the landscape (EOMF, 2015). Since forests do not occur as
monoculture plantations in the natural world, the recommended use of such strategies within the
current literature on facilitated migration reflects an inadequate approach for most tree species
(Carnus et al., 2006). The utilization of a co-planting technique could increase the overall
success of a sugar maple facilitated migration project while providing essential conservation
benefits including forest habitat expansion, improved biodiversity and the bridging of species
corridors (EOMF, 2015). These benefits could be especially important in the case of the highly
fragmented landscape of Southern Ontario. Thus, it may be concluded that the currently
understood best-case approaches for carrying out the planting of a facilitated migration project as
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described in literature and facilitated migration case studies described in section 3.5 does not
reflect the most applicable approach given the species-specific context and considerations for
sugar maples. However, the above recommendations reflect only a few potential approaches to
identifying and establishing out-planting sites for a Southern Ontario sugar maple facilitated
migration trial, further research is necessary to assess the practicality and appropriateness of
implementing such strategies in practice.
6.2.2.4 Recommendations for Obtaining Provenances
Within the application of a pilot facilitated migration project for sugar maples in
Southern Ontario, another factor for consideration is in regards to accessing adequate provenance
materials and dispersing them within the out-planting sites. As indicated in both the literature
review and the interview data, the underlying policy context for seed sourcing within Southern
Ontario is likely inadequate for ensuring the success of a sugar maple facilitated migration
project (O’Neill et al., 2013). While recommendations were made in section 6.2.1.1 for
improving the policy context, the issue of accessing an adequate supply of sugar maples for use
within the recommended methodological approaches has yet to be discussed.
Fostering the success of a facilitated migration trial project for sugar maple in Southern
Ontario could require that detailed information regarding the exact source location for each stock
be documented carefully. It was recommended within the interviews that this be carried out
using precise GPS tracking of coordinates for each seed or sapling source. Since it was identified
within the research findings that the utilization of this strategy within the privatized nursery stock
suppliers of Southern Ontario is currently lacking, it is the recommendation of this research that
provenances be sourced from existing sugarbush operations across North America. ,All 9
producers indicated that they had a substantial amount of sugar maple growth in the understory
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of their sugarbush, and over half indicated that that they would be willing to contribute saplings
to future climate change adaptation projects. Figure 14 below depicts one example of a
considerable quantity of young maple saplings in the understory of a
sugarbush.

Figure 14:
Understory
growth of
young sugar
maple in an
operating
sugarbush is
southeastern
Ontario.

Consequently, it can be suggested that, utilizing the international network of producers to
promote engagement, the harvesting of small saplings for use in a facilitated migration trial in
Southern Ontario from selected producers could provide the necessary stock. Not only would this
approach arguably avoid the difficulty of stock shortages within the current seed sourcing system
of Southern Ontario as identified in the interview data, it would also ensure that producers be
directly engaged at all stages of the project. However, such strategies also present numerous
ecological risks and factors for consideration, such as the potential for invasion by a stock of
seeds moved into another region and/ or sugarbush operation.
Significant additional research is needed prior to the utilization of these recommended
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provenance strategies. A significant amount of knowledge and human resources would be
required to engage producers in such a practice, as well as for carrying out the harvesting and
transport of saplings from the designated source locations. Further considerations arise in
relation to composite provenancing. If saplings or seeds were to be sourced from the under story
of a single woodlot, there is no indication as to what level of genetic diversity would be present
within the saplings harvested. Thus, it may be concluded that while the recommended
provenance strategy detailed above reflects one approach to overcoming the potential barriers
presented by the underlying policy context within Southern Ontario, substantial data is still
required for determining the ideal method.
6.2.2.5 Prescribed Timeframe Monitoring Procedures
The final considerations for the strategic implementation of a pilot facilitated migration
project for Southern Ontario’s sugar maple ecosystems is related to the desired timeframe in
which the project should be carried out, as well as monitoring and maintenance considerations.
While it is commonly stated within the literature that facilitated migration projects require longterm commitments, the indication of the exact amount of time required is generally unstated
(Pedlar et al., 2011). This lack of specification has been identified predominately as consequence
of the case-specific knowledge that must be utilized in establishing the desired timeframe of a
facilitated migration project (Pedlar et al., 2011). Within the literature on the relocation of
animals however, it has been indicated that the ideal amount of time required for project
completion would be based upon the lifespan of the species involved (Aitken & Whitlock, 2013).
It was determined that the utilization of such an approach provides the most ideal timeframe for
facilitated migration in order to provide research on the effects of relocation on the whole
lifecycle of a species (Aitken & Whitlock, 2013). However, due to the longevity of tree species
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in general, and the lifespan of sugar maples in particular (200-400 years), enacting such practices
within this species-specific pilot facilitated migration project in Southern Ontario would not be
realistic. Based on the interview data, as well as information relating to the lifecycle of sugar
maples, it can be anticipated that the minimum required timeframe frame for such a project could
range from 10-50 years . Based on the current tapping requirements for sugar maple (12 inch
diameter at breast height) it is generally the case that tapping occurs between the age of 40-60
years (Murphy et al., 2012). As a result, if further research determines there is an objective to
collect sap production data within the trial sites for sugar maple, this would likely necessitate a
minimum timeframe for the project of 50-60 years. However, if the objectives of the sugar maple
facilitated migration trial emphasize the need for basic data collection on the successful growth
and establishment of provenances within different regions, the timeframe for such a project could
be significantly shorter. As suggested in the interview data (and section 6.2.2.1), it is
recommended based on the experience of the Ontario deciduous species facilitate migration trial
that the project be carried out over a minimum of 10 years. Engaging project stakeholders over
such a long timeframe would be essential for ensuring success (Hunter, 2007). One strategy for
ensuring continued participation mentioned in the case of the Ontario deciduous species trial is
the utilization of contract agreements. Under this approach, stakeholders are contracted to
monitor and participate in the project for durations of 2-5 years. This strategy was discussed as
one tactic for reducing stagnation of project participants, ensure ongoing interest in the project
and promote the ongoing input of new ideas and information. However, given the context of
private landownership and suggested long-term involvement of sugar maple operators, this
contracted approach would not be applicable to all stakeholders within a Southern Ontario sugar
maple facilitated migration trial. Further research is still necessary for determining applicable
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strategies for warranting long-term commitment and participation in facilitated migration
projects.
While data collection for the effects of a Southern Ontario sugar maple facilitated
migration trial on the production of maple syrup can only be collected once the tree has reached
a tappable age, important records must also be collected within the short-term (EOMF, 2013).
Such monitoring would likely involve the active recording of annual growth rates as well as
weather records, specifically for extreme events (EOMF, 2013). Evidence from the Ontario
deciduous species facilitated migration trial discussed within the interviews identified that
tracking the weather patterns and events within a facilitated migration trial site could not only
contribute significantly to climate change research, but would also provide potential explanations
of die back within any of the provenances planted. It was indicated within the interview results
on the habits of producers in creating production records that both essential data collection (i.e.
growth rates) and weather (i.e. tempersture, precipitation and extreme events) for the trial sites
could be carried out by the landowners (in this case sugarbush operators). However, it cannot be
stated conclusively that the recording of weather data is necessary for a sugar maple facilitated
migration trial, though the potential insights provided by such data could be greatly
advantageous to future research. Nevertheless, the application of trial sites on currently operating
sugarbush woodlots could still be beneficial in many regards. Producer interview findings
concluded that the majority of sugarbush operators already engage in the maintenance of their
woodlot through silviculture practices such as thinning and pest removal, which were determined
in the literature review to be of importance in the establishment years of the site (Williams &
Dumroese, 2013). Thus, the transfer of such woodlot management strategies to the facilitated
migration trial site could be incorporated into their existing annual maintenance practices. This
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would require that out-planting site selection be carried out at locations where producers actively
and continuously engage in sugarbush management and silviculture practices. However, there
are no direct strategies within the literature or interview findings to ensure ongoing commitment
to the monitoring and maintenance of trial sites. However, it was suggested within the interview
data that the use of incentives could be applied to increase the likelihood of ongoing engagement.
These incentives could be monetary but further research is necessary for determining the
appropriate and desired incentives for ensuring ongoing commitment to site maintenance and
monitoring for landowners.
6.2.2.6 Stakeholder Involvement and Project Champions

As stated in the literature, ensuring the ongoing and active participation of all
stakeholders in a facilitated migration project of sugar maples in Southern Ontario is
fundamental in the success of such projects (Williams & Dumroese, 2013). The promotion of
collaboration in the implementation, maintenance and monitoring between stakeholders is also a
significant necessity (Williams & Dumroese, 2013). Based on the established need for consistent
collaboration and engagement identified within the literature review and the research interviews,
it is recommended that all stakeholders play a role in the development, implementation,
monitoring and maintenance of facilitated migration test sites. Within the recommendations
provided above, it has been suggested that ongoing participation by sugarbush operators would
be fundamental in the development of a facilitated migration project for Southern Ontario sugar
maples. Such suggested involvement includes the identification of project goals, scoping, site
selection, the contribution of the saplings and the carrying out of maintenance and monitoring.
Based on the interview results however, it cannot be suggested that all Southern Ontario sugar
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maple producers would be interested in involvement within such projects. As a result, it is
suggested that outreach to producers that have previously engaged in research projects or are
planning to carry on with sugarbush production for a minimum of 20 year be considered for
involvement in such projects. Due to the intensive effort and longevity of such projects, it was
concluded that such characteristic could minimize the potential for ensuring long-term
engagement in such projects.
While producers represent an essential stakeholder group for involvement in a Southern
Ontario sugar maple facilitated migration project, it is important that the project remain a
collective effort. For instance, within the case of monitoring this could entail the collection of
more detail site data by stakeholders with the adequate knowledge and resources (such as
universities, Conservation Authorities or Government Agencies) or the provision of an annual
update document. It was stated by one industry professional, that is currently providing the
maintenance and monitoring at one of the Ontario deciduous species facilitated migration trial
sites that the agencies responsible for initiating the project “check in all the time to see how it’s
doing. It’s nice to know when I’m out cutting the undergrowth for hours every other week
they’re still out there thinking about this…that they have a real commitment to it as well.”
Furthermore, due to the significant cutbacks within government agencies and the resultant
mistrust of such operations by many landowners within the region as identified in the qualitative
interviews, it is suggested that Conservation Authorities could take a dominant role in
coordinating the efforts of producers and other stakeholder in developing, implementing and
monitoring a facilitated migration trial for sugar maples in Southern Ontario. This
recommendation is largely based on the jurisdiction of Conservation Authorities regarding
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woodlot management and the on-the-ground functioning and resultant relationships between
regional Conservation workers and private landowners.

7.0 Conclusions and Recommendations
Given the current body of scholarly work on the effects of anthropogenic climate change,
it can be anticipated that the longevity and productivity of Southern Ontario’s sugar maple
ecosystems (and the sugarbush industry they support) will likely be threatened in the future
(Skinner et al., 2010). Modeling projections indicate a significant reduction in suitable habitat for
sugar maple growth and maple syrup production in the next 100 years (Brown et al., 2015). As a
result, many argue that the precautionary principal dictates that actions be taken now in order to
adapt to potential impacts (Schlaepfer et al., 2009). However, the relative immobility and slow
response rate of tree species provides a significant barrier to applying effective adaptation
strategies now and in the future (McKenny et al., 2007). Consequently, it has been suggested in
recent research that innovative measures be taken in order to ensure the long-term viability of
forest species (Schlaepfer et al., 2009). The purpose of this research was to evaluate the potential
of once such approach, facilitated migration, as a climate change adaptation tactic in Southern
Ontario’s sugar maple ecosystems.
This research project fulfilled 3 main objectives. First, this research synthesized and
described the current state of academic research on the facilitated migration of tree species
(section 3.0). Following the literature review, an initial explanation of the applicable approaches
and potential barriers for implementing such practices within Southern Ontario sugar maple
ecosystems and sugarbush production industry was provided (section 3.7). Secondly, this project
engaged in qualitative data collection and analysis methods to obtain case-specific stakeholder
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opinions regarding the general interest in, as well as perceived drawbacks and implementation
approaches, for a facilitated migration project in Southern Ontario’s sugar maple ecosystems
(sections 4.0 and 5.0). Finally, the research produced a summary of the conclusions drawn from
both the literature review and stakeholder interviews and provide a set of recommendations on
the currently understood best practices for implementing facilitated migration as an approach to
adapting to climate change in sugar maple ecosystems (section 6.0).
Findings from both the literature review and qualitative data analysis suggest that
producers and industry experts might support facilitated migration for Southern Ontario’s sugar
maple ecosystems. While there were several areas of agreement between the recommended
approaches to implementing facilitated migration adaptation strategies within the scholarly
literature and the stakeholder interviews, there is a significant need to evaluate the specifics of
facilitated migration project for sugar maple in Ontario. . The utilization of “blueprint”
approaches for facilitated migration commonly presented within the current literature is
problematic (Ricciardi & Simberloff, 2009). While the need to examine case-specific underlying
socio-political and socio-cultural contexts in which a facilitated migration project will be
implemented was identified in the literature review, the interview results established numerous
other factors for consideration not yet discussed in the scholarly works (O’Neill et al., 2013).
Such factors for consideration in the implementation of a facilitated migration project for sugar
maples in Southern Ontario related to the current seed zoning policy and the potential changes
needed to this policy context, as well as discrepancies between perceived policy barriers and the
utilization of policy in practice. Furthermore, strategies for the implementation of facilitated
migration project identified by the literature in section 3.4.2 did not include the consideration of
the necessary motivating factors, the diversity of potential project objectives, the accessibility of
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provenance material or the extensive funding required for facilitated migration projects. These
findings suggest a need to further enhance the current body of research on facilitated migration
with these insights and contribute to a more comprehensive and robust analysis of facilitated
migration strategies in the future.
Based on the identification of these undocumented considerations within the literature, it
can be concluded from this research that the evaluation of case or species-specific contexts for
the implementation of facilitated migration projects is substantially more imperative to the
application of successful strategies than anticipated. Species-specific knowledge arising within
the interviews provided important information for informing the recommended implementation
strategies for a Southern Ontario sugar maple facilitated migration project. The implementation
methods determined within the interview data included the use co-planting and multidirectional
migration approaches for the implementation.
The recommendations for implementation a facilitated migration project as a climate
change adaptation strategy within Southern Ontario presented in this study are based on the
current state of research. Recommendations provided for implementing a Southern Ontario sugar
maple facilitated migration project included:


The assessment of project goals and attainment of funds



A combined approach of population migration and range expansion



The use of multidirectional and companion species planting techniques across
numerous replicated sites.



The use of current sugarbush operations as relocation sites (where applicable)



The contribution of sapling materials by sugarbush operators



A highly collaborative approach championed by sugarbush operators with a longterm interest in continuing sugarbush production and Conservation Authorities
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However, since the examination of facilitated migration as a climate change adaptation
approach within academia is constantly evolving and expanding, the applicability of the
recommended approaches may also evolve over time (Ricciardi & Simberloff, 2009). Such a
progressive research subject necessitates ongoing and continued investigation (Hunter, 2007).
While the focus of this research was on the identification of the most applicable approaches to
implementing facilitated migration as a climate change adaptation approach in Southern
Ontario’s sugar maple ecosystem and sugarbush industry, it is not the intent of this research to
imply that such an approach is the only, or arguably most applicable, long-term adaptation
strategy to be considered. There is a significant need to increase the application of a multitude of
diverse conservation efforts for improving the adaptive capacity of existing maple habitat to
future climate change. Such conservation could occur through the use of multiple strategies
including phenotypic plasticity, reforestation, biodiversity conservation and the defragmentation
of forest habitats (EOMF, 2015). Further research is also necessary for determining how the
impacts of annual woodlot management practices, such as thinning, may contribute to the
adaptive capacity of sugarbush operations in the future. The inherent controversy and novelty of
facilitated migration strategies requires the examination and comparison of other potential longterm climate change adaptation strategies in Southern Ontario’s sugar maple ecosystems
(Ricciardi & Simberloff, 2009). As stated by one industry professional “We need leadership on
forest conservation and management...assisted migration is just a piece of the adaptive forest
climate change strategy.”
Next steps for this research include the further investigation into alternative long-term
climate change adaptation approaches within Southern Ontario’s sugar maple ecosystems as well
as the continuation and expansion of research into facilitated migration as an adaptation strategy.
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This research describes the beliefs of a relatively small sample size (15 participants) of the
extensive group of potential stakeholders to be included within a Southern Ontario sugar maple
facilitated migration project. As a result, supplementary research is needed to determine if the
findings and opinions of this subpopulation reflects the opinions of a broader sample of
stakeholders. Additional research is needed to determine if the recommended approaches
presented within this study for implementing a facilitated migration project within Southern
Ontario’s sugar maple ecosystems would be acceptable to stakeholders. Specific areas that
require further evaluation based on the findings of this research include, but are not limited to,
acquisition strategies for geographically diverse sugar maple provenances, approaches to
overcoming potential barriers related to carrying out facilitated migration on private lands,
obtaining funding, ensuring stakeholder engagement, agreement on project objectives and in
considering the number of sites and target migration distances of such a project. Moreover,
supplementary research is needed to evaluate the socio-political context and considerations
within a Southern Ontario sugar maple facilitated migration project could be amended to better
support such projects in the future. Additional research of sugar maple on a genetic level is
needed for all future long-term climate change adaption approaches for the species. Potential
areas of focus within such research includes evaluating the phenotypic plasticity of sugar maple
to determine if adaptations are occurring naturally and the role of genetic diversity within a
maple population in enabling species-level climate change adaptation. Furthermore, additional
information on the impacts of climate change on a regional scale, with particular regard to the
influence on sap production is also needed. Until such supplementary knowledge is obtained, the
research and subsequent conclusions drawn within this project provide an essential inaugural
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step in ensuring the longevity and adaptability of Southern Ontario’s sugar maple ecosystems
and sugarbush production industry for generations to come.
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8.0 Appendix
8.1 Ethics Approval Application
WILFRID LAURIER UNIVERSITY
INFORMED CONSENT STATEMENT

Evaluating Facilitated Migration as a Climate Change Adaptation Approach in Canada’s Sugar
Maple Ecosystems
Kaitlyn McGlade, David Morris and Brenda Murphy

You are invited to participate in a research study. The project seeks to explore facilitated migration as a
possible adaptation approach to climate change in Southern Ontario’s maple syrup production. Facilitated
migration (also referred to as assisted colonization) is presently understood as the deliberate, human-aided
movement of a species, though it may also involve the replanting of genetically adapted seed sources
within the current habitat. This study is part of a broader five-year project on maple syrup, climate change
and resilience.
Kaitlyn McGlade is a Master’s student at Wilfrid Laurier University in the Environmental Studies
program. Brenda Murphy is the principal investigator and an associate professor of Society, Culture and
Environment at the Brantford campus of Wilfrid Laurier University. Dr. David Morris is a collaborator on
the project, and is a professor at the Brantford campus of Wilfrid Laurier University.
INFORMATION
You will be asked to participate in a semi-structured face-to-face interview lasting a maximum of 3 hours,
which could entail walking through a sugarbush. If your permission is obtained, we would like to audiorecord this interview so that our record of the interview is more accurate. In the interview, you will be
asked about your current involvement and understandings of maple syrup production and/ or long-term
forestry management practices. This may include, but is not limited to, information relating to: current
production practices, seed sourcing methods, your understanding/ awareness of facilitated migration
approaches, policy and overall consensus on the need for adaptation. Once collected, the interview data
will be transcribed and analyzed, and final reports and papers will be written. This study will be
undertaken over an eight month period commencing in May 2015. There will be a maximum of 20
participants in the study. Potential participants include maple syrup producers from Southern Ontario,
woodlot managers, non-government organizations with an interest in tree management and other people
with expertise related to the maple industry, including government. All participants will be adults.

AUDIO-RECORDED
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All audio-recordings will be used for research purposes only. Only the research team will have access to
this information. Should you choose to withdraw from the study, your recorded material will be
immediately erased or returned to you. The recorded material will be safely archived, and made available
to you should you request it. Should we desire to use any of the recorded material for purposes other than
this study or for publication we will request your permission at that time and will provide you with an
opportunity to review and approve the use of your recorded information.
RISKS
It could be the case that our questions regarding any concerns associated with maple syrup production
might cause you some extra worry about the health of the industry and/ or that walking through the forest
during interviews might expose you physical risks. To minimize physical risks associated with walking
through forest, the researcher will ensure all participants wear appropriate foot and eye protection (e.g.
closed-toed shoes and protective eyewear). The researcher will check the weather report prior to
commencing the sugarbush walk and ensure that safe fieldwork practices are followed (e.g. not working
in the bush during inclement weather). To minimize emotional risks, questions will not dwell on the
negative aspects of climate change, but instead will be framed in a neutral manner – e.g. allow the
participants to tell us about the health of their sugarbush, or about changes they have witnessed (both
positive and negative). We will also offer to provide the results of our study, particularly any potentially
effective adaptation strategies, to all the participants.

Furthermore, members of government and non-government organizations who choose to
participate may feel regret if any delicate information pertinent to their respective organization is
revealed during the interview process. This will be mitigated through the maintenance of
confidentiality and anonymity measures for all participants.
BENEFITS
For both the researchers and research community as a whole, this study seeks to provide new information
and insights into the investigation of facilitated migration as an approach to climate change adaptation.
This research supports inquiry into long-term adaptation solutions within maple syrup production. For
participants and society as a whole, this research will provide new information regarding a potential
strategy for ensuring the resiliency of Canada's maple syrup production industry.
CONFIDENTIALITY

Please be aware that any information shared via the internet and email is not secure. Sensitive
information should be shared via a face-to-face interview. To maintain confidentiality and
anonymity, we will not share your data with outside individuals and only the three project
researchers (I.E. BRENDA MURPHY, DAVID MORRIS & KAITLYN MCGLADE) will have
access to the data. All data will be kept in a locked filing cabinet or on a password protected
computer. Digital recordings will be erased from computer hard drives two years after the
completion of the study. After two years, all recordings and notes of participants’ comments will
be archived on a hard drive in a locked filing cabinet IN THE OFFICE OF BRENDA MURPHY.
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FOLLOWING THE COMPLETION OF THIS RESEARCH, BRENDA MURPYH WILL BE
RESPONSIBLE FOR DATA MANAGEMENT AND DISPOSAL (REVISION #2). In the
future, if any other uses of these data are desired, participants will be given the opportunity to
approve such use through a new ethics process.
In the final write-up, participants will be identified by pseudonyms, all identifying information will be
removed, and their comments will be paraphrased (unless they give express permission to use quotes, or
wish to be identified). If we use a direct quote, we will remove any identifiable information and will ask
you to review all desired quotations prior to publication. IF CONSENT IS NOT RECEIVED BY THE
PARTICIPANT USING A SIGNED QUOTATION RELEASE FORM, THE QUOTE(S) WILL NOT BE
INCLUDED IN THE FINAL RESEARCH PUBLICATION (REVISION #1) Participants also have the
option of being identified in the final write-up, but only if desired, and only after prior review of their
contribution to the final write-up. PARTICIPANT IDENTIFICATION IS NOT INTEGRAL TO THIS
RESEARCH, BUT IS PROVIDED AS AN OPTION BASED ON PREVIOUS REQUESTS WITHIN
THE ONGOING RESEARCH PROJECT (REVISION#4). At the time of write-up, if a direct quote is to
be used or participant identification is desired, an additional permission form will be provided for
approval and signature.

CONTACT
If you have questions at any time about the study or the procedures, (or you experience adverse effects as
a result of participating in this study,*) you may contact the principal investigator Dr. Brenda Murphy at
Laurier Brantford, 73 George St., Brantford, N3T 2Y3, 519-756-8228, extension 5718 or
bmurphy@wlu.ca. This project has been reviewed and approved by the University Research Ethics
Board. If you feel you have not been treated according to the descriptions in this form, or your rights as a
participant in research have been violated during the course of this project, you may contact you may
contact Dr. Robert Basso, Chair, University Research Ethics Board, Wilfrid Laurier University, (519)
884-1970, extension 4994 or rbasso@wlu.ca

PARTICIPATION
Your participation in this study is voluntary; you may decline to participate without penalty. If you decide
to participate, you may withdraw from the study at any time without penalty and without loss of benefits
to which you are otherwise entitled. If you withdraw from the study, every attempt will be made to
remove your data from the study, and have it destroyed. You have the right to omit any
question(s)/procedure(s) you choose. YOU HAVE THE RIGHT TO REQUEST THAT ANY AND/OR
ALL DATA COLLECTED DURING YOUR PARTICIPATION IN THIS PROJECT NOT BE USED
FOR FUTURE RESEARCH (REVISION #3).
FEEDBACK AND PUBLICATION

Following the completion of data collection and analysis proceedings the research team will provide an
executive summary of the study findings in an accessible format to all participants. The summary will use
‘plain language’ and will also be distributed via email and/or online forums to others interested in the
results. The information and findings may also be presented in full to any participants who request it. The
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final research paper will be the basis of the final major research paper of the primary researcher and may
be revised for journal publication. As this research is part of an ongoing project, the presentation and
distribution of the findings to other audiences will be available upon request at the discretion of the
research team.
CONSENT
With your permission, we can audio-record this interview

__________________

You would like the option of potentially having your direct quotes used in the final write-up. We have
tentative permission to use your quotations in the final write up, subject to your prior review.
_____________

You would like the option of having your comments and quotations attributed to you, once you have
reviewed and approved your contribution to the final write up.
__________________

YOU WOULD LIKE THE OPTION THAT ANY/ALL INFORMATION COLLECTED WITHIN THIS
RESEARCH PROJECT IS NOT USED IN FUTURE PROJECTS.
_________________ (REVISION #3)

I have read and understand the above information. I have received a copy of this form. I agree to
participate in this study.

Participant's signature____________________________________

Date _________________

Investigator's signature___________________________________ Date _________________
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WILFRID LAURIER UNIVERSITY
QUOTATION RELEASE FORM

Evaluating Facilitated Migration as a Climate Change Adaptation Approach in Canada’s Sugar Maple
Ecosystems
Kaitlyn McGlade, David Morris and Brenda Murphy

To:_______________________________________________________
Specify participant

Re: Insert quote(s) here………..

We desire to use this/these _________________________________________________ quotes for
publication in
Specify number of quotes

the following forum(s)_____________________________________________________________
Specify publication(s)

*All identifying information will be removed from the quote to protect your anonymity. The research
team will not use any other quotes, without seeking additional consent. You will receive a copy of the
final version of the publication.

Consent - A

I have reviewed the publication(s) mentioned above and consent to your use of the specified quote(s). I
have received a copy of this consent form for my records.
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Participant's signature____________________________________

Date _________________

Investigator's signature___________________________________ Date _________________

Alternative Consent - B

In the above specified publication, I wish to have my identity revealed by having my quotes attributed to
me. I have reviewed the way in which my quote(s) are used in the publication(s) mentioned above and
consent to your use of the specified quotes(s). I have received a copy of this consent form for my records.

Participant's signature____________________________________

Date _________________

Investigator's signature__________________________________

Date ________________

WILFRID LAURIER UNIVERSITY
RECORDED MATERIAL(S) RELEASE FORM

Evaluating Facilitated Migration as a Climate Change Adaptation Approach in Canada’s Sugar Maple
Ecosystems
Kaitlyn McGlade, David Morris and Brenda Murphy

To:_______________________________________________________
Specify participant

Re: _______________________________________________________
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________________________________________________________

_________________________________________________________
Specify recorded material(s)

We desire to use this/these _________________________________________________for publication in
the
Audio Recording(s)

following forum(s) __________________________________________________________________
Specify publication(s)

*The research team will not use any other recorded material, without seeking additional consent. You
will receive a copy of the final version of the publication.

Consent

I have reviewed the way in which the recorded material is used in the publication(s) mentioned above and
consent to your use of the specified recorded material(s). I have received a copy of this consent form for
my records.

Participant's signature____________________________________

Date _________________

Investigator's signature__________________________________ Date _____________
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8.2 Interview Questions Guide
Introduction
1. Please tell me a little about yourself, your experience and knowledge with maple syrup
production and/or forestry management?
a. For producers: enquire about length of time engaging in maple production, scale of
operation, production practices.
b. For organization member/ expert: enquire about background knowledge/ training/
education, familiarity/ knowledge with sugarbush production practices.
Climate Change
2. For producers
a. Do you have any short (under 10 years) and long-term (10-50 years) concerns regarding
climate change and your sugarbush production operation? Why or why not?
For organization member/ expert
b. Do you have any primary short (under 10 years) and long-term (10-50 years) concerns
regarding climate change and forestry management, related in particular to non-timber
forest product yielding species?
3. Applicable to all interviewees
a. Are you aware of any long-term management strategies for adapting to climate change
within sugarbush production and/or other non-timber forest product yielding species?
For producers only
b. Are you currently engaging in any management strategies within your own sugarbush
operation that you believe may increase the adaptive capacity to the long-term effects of
climate on sugarbush production?
4. Applicable to all interviewees
a. Do you believe the evaluation and potential future implementation of long-term climate
change adaptation strategies are and/or will be necessary within Southern Ontario’s
sugarbush production operations?
For producers only
b. Do you currently practice any long-term monitoring strategies within your sugarbush
operation (i.e. records of quantity and quality of the sap produced within a season over
time)? If so, can you describe them and identify how many years you have such
information for?
c. Would you be willing to engage in new long-term climate change adaptation projects
within your own maple syrup production operation now and/or in the future? Why or why
not?
Seed Sourcing
5. Applicable to all interviewees
a. What do you know about the seed sourcing techniques for sugar maples in particular
and/or deciduous tree species in general currently practiced in Southern Ontario?
b. Describe what you currently know/understand about genetic diversity in deciduous tree
species as it relates to seed sourcing approaches, climate change and sugarbush/ woodlot
management.
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For producers only
c. How and/or from where do you source your seeds for replanting purposes within your
own sugarbush operation?
For organization members/ experts only
d. Can you identify and describe the predominant oversight body, legislation and procedures
applicable to seed sourcing of deciduous tree species within Southern Ontario?
e. Can you describe the current policy context for the transport of deciduous tree seeds
across regional, provincial and national boundaries (i.e. between Canada and the USA)?
6. Applicable to all interviewees
a. What are your opinions on the currently understood seed sourcing techniques within
Southern Ontario, including any perceived benefits, strengths, risks and weaknesses?
b. Based on the strengths and weaknesses identified previously, do you have any
recommendations for how seed sourcing techniques may better serve the sugarbush
production industry?
Facilitated Migration
7. Applicable to all interviewees
a. Are you familiar with the terms ‘facilitated migration’ and/or ‘assisted colonization as it
relates to the management of tree species? Please describe your current interpretation of
these terms. (enquire about approaches, implementation strategies etc.)
b. Based on your current knowledge and understanding, what are the potential strengths,
weakness and barriers to implementing such strategies within non-timber forest
producing species in general and sugarbush production operations in particular?
c. Do you feel sugar maples could be a potential candidate species for facilitated migration
projects now and/or in the future? Why or why not?
d. Do you have any opinions on how a facilitated migration project may impact (either
positively or negatively) local stakeholders?

8. Applicable to producers
a. Based on your current knowledge/ understanding, is facilitated migration a long-term
adaptive management approach you would consider utilizing within your own sugarbush
production operation? Why or why not?
b. To what extent do you feel policy makers, government and local stakeholders (i.e.
landowners, producers and the regional community as a whole) should play a role in the
development and implementation of facilitated migration projects?
Facilitated Migration- Policy Context
9. Applicable to organization members/ experts only
a. Based on your current knowledge/ understanding and background in forestry
management, do you feel facilitated migration is an applicable climate change adaptation
strategy within sugarbush operations and for other non-timber forest producing species?
Are there any significant policy barriers and/ or supports (at a regional/ provincial/
federal level) that may arise to aid and/or impede such projects?
b. Do you feel there is a way to integrate facilitated migration efforts into the existing policy
context for forestry management within Southern Ontario? Why or why not? What could
be the potential barriers, strengths and weaknesses to doing so?
157

MRP Final Version | Kaitlyn McGlade
c. Based on your understanding and current policy, what would be the level of involvement
of Conservation Authorities in the development/ implementation of facilitated migration
projects for non-timber forest species in general and sugarbush production in particular?
What would be the level of the involvement for government / policy makers?
d. How do you feel the development and implementation of a facilitated migration project
related to sugarbush production and/or non-timber forest products may be different
and/or similar within another region, for instance Northern Ontario?
Conclusion
10. Applicable to all interviewees
a. Do you have any additional comments, opinions or information that you feel is pertinent
to this research that you would like to add/ share at this time?
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